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DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 


Back ? rm, nri rtf Thr firrminn 

The genetic information of all living organisms (e.g. animals, plants and 
microorganisms; is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome ,s comprised of about 100.000 genes located on 24 chromosomes (The Human 
Genome. T. Strachan. BIOS Scientific Publishers. ! 992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fulfills a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 
mutations and can result in proteins with altered or in some cases even lost biochemical 
acuvmes; this in turn can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense". 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a stop 
codon and thereby leading to a truncated protein. 

More than 3000 genetic diseases are currently known (Human Genome 
Mutations. D.N. Cooper and M. Krawczak. BIOS Publishers. 1993). including hemophilias, 
thalassemias. Duchenne Muscular Dystrophy (DMD). Huntington's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result in 
genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome). Trisomy 13 (Patau Syndrome). Trisomv 18 (Edward's 
Syndrome). Monosomy X (Turner's Syndrome) and other sex chromosome aneuploidies such 
as Klienfelter's Syndrome (XXY). Further, there is growing evidence that certain DNA 
sequences may predispose an individual to any of a number of diseases such as diabetes, 
arteriosclerosis, obesity, various autoimmune diseases and cancer (e.g. colorectal, breast, 
ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host ceil. Therefore, 
infectious organisms can also be detected and identified based on their specific DNA 
sequences. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
even for the size of the human genome, relatively short nucleic acid sequences can be used to 
detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA sequences can 
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even serve as a fingerprint for detection of diffv. • 

^Thompson. J.S. and M. W. Thomps ed G ^ **** ** m 

Philadelphia. PA ( 1 986). ^Sll^^^^ W.B. Saunders Co.. 


3 SeveraJn,eth °dsfordetectineDNA 

nucleic acid sequences can be identified bv I ' bCing ^ For exam P'e- 

acid fragment with a known standard bv ' , ^ " 0Wlily ^ 

which is complementary to the sequence !o r^° F ^ nas - 0r * * Wdiation with a probe, 
be accomplished if the nucleic ac7d Zm en iTf^' h — , can onlv 

10 :sr- (32p - 35s) - fl —«^ — 

Wdous and the signals they produce decav ov^^ N " ^ ^ be 

fluorescent) suffer from a lack of sensitivi L "™ piC ^ <«* 
lasers are being used. AdrfiH^.,,.. - " ' — ««8 ot the signal when high intensirv 

'5 P«-^lv^ r . pron , simethes J^ d ^;7-P-=to=s. Electrophoresis is 

<*cc«y correiated ,o the m 0bilitv i„™ T^' °' «" — * 

seconds structures Md inttrac ; ions " " X m 1 B kn °»" sequence specific effects. 

*«c gei matnx are causing artefacts. 

Under the influence of combinations of e£l 1 f^"* T ^ 

Rectories depending on their Individ J « TT* **■ "* *» 

«■* .ow molecular weigh, mass spectrome^, '* !" "* 

organic repenoire for analysis and cwT * ^ ° f "* rou,inc P"^- 

« mass of*, paren, i^^r™^ m " * - — - 

molecular ion with other panicles, e „ '. *""" 0n - b - var ™S'ng collisions of this paren, 
forming secondarv ions b ^e ^ ^ "* * «•"— 

^mentation ^^^Z^T^ ^ 
information. Many application, n't ^nvanon of detailed structural 

» particular,, in ..osciZc HT d cL ^ ^r^"" ™ " ^ » 

■ «= "Mass Specie jr^: ZZTZ'^T^^' 

. canon. 1 990. Academic Press. New York. 

° Ue l ° the ap P arent analytical advantages of 
high detection sensitivirv. accuracv of mas, ™ SeS ° f maSS s P e «™n«try in providing 

CID in conjunction with an MS/MS confie meaSUrememS - detailed ™*< mformation by 
<° a computer, there has 1^^^^ 7 ^ " ^ ^ 
structural analvsis of nucleic acids Rer ° f ^ s P ectrom «0 for the 

Schram. "Mass Spectron^ t J^ZT^ "* " ^ " " 

Add Components. Biomedical Applications of Mass 
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Spectrometry" 203-287 (1990): and P.P. Cram. "Mass Spectrometric Techniques in 
Nucle:c Acid Research." Mass Wrm^. p^.... n 505.554 (1990). 

However, nucleic acids are very polar biopolymers that are verv difficult to 
volauhze. Consequently, mass spectrometric detection has been limited to low molecular 
we,ght synthetic oligonucleotides by determining the mass of the parent molecular ion and 
through th,s. confirming the already known oligonucleotide sequence, or alternative^ 
confirming Ae known sequence through the generation of secondary ,ons (fragment ions, v,a 
CID m an MS/MS configuration utilizmg. in particular, for the ionization and volatilization 
the method of fast atomic bombardment (FAB mass spectrometry) or plasma desorption (PD 
mass spectrometry). As an Example, the application of FAB to me analvsis of protected = • ^ - 
dtmenc blocks for chemical synthesis of oligonucleotides has been described (Koster et 
aL oromcriirnl Fnvirnnmrmal Mass SpTTrnrnrrry \± 111-116(1987)). 

,rcn * m ° re rcCCm ionization/desor P»on techniques are electrosprav/ionsprav 

(ES) and matnx-assisted laser desorption/ionization (MALDI). ES mass spectrometry has' 

TO "I FCnn " ^ ( J , PhYS i r h rm - M ' 4451 ' 59 (1984): PCT No. 

WO 90/14 48) and current apphcations are summarized in recent review articles (R.D. Smith 

« oL AM . Chfirn 62. 882-89 (1990) and B. Ardrey. Electrospray Mass Spectrometry 
SpmmirnpY Fl i mpr .l. 10-18 (1992)). The molecular weights of a tetradecanucleotide 
(Covey et al. "The Determination of Protein. Oligonucleotide and Peptide Molecular Weights 
n o«7T ^ SpeCtr0meUy '" Communications in Mm « ^ mmnr . 2 , 249 . 256 
(1988)). and of a 21-mer ( Method in FnTYmnlngy . 122, "Mass Spectrometrv" (McCloskev 
editor), p. 425. 1990. Academic Press. New York) have been published. As a mass analvzer 
a quadruple .s most frequently used. The determination of molecular weights in femtomole 
amounts of sample is very accurate due to the presence of multiple ion peaks which all could 
be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when a 
time-of-fhght (TOF) configuration is used as a mass analyzer. The MALDI-TOF mass 
spectrometry has been introduced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorpuon/Iomzaiion: A New Approach to Mass Spectrometry of Larae Biomolecules." 
BlQ l opiml Mass , Speciromrrrv (Burlingame and McCloskey. editors). Elsevier Science 
Publishers. Amsterdam, pp. 49-60. 1990.) Since, in most cases, no multiple molecular ion 
peaks are produced with this technique, the mass spectra, in principle, look simpler compared 
to ES mass spectrometry. 

Although DNA molecules up to a molecular weieht of 410.000 daltons have 
been desorbed and volatilized (Williams et al.. "Volatilization of High Molecular Weight 
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(Z ) ;IT 1 i, aSer ? la,,0 r fFrt,Zen ^ Stoafi. .585-87 

( I y»9)). this technique has so far oniv shown ven, i«„, ■ • 

» 1 8 nuclide, Htuh-Fehre « „/ B*^2 °" "" ,S ° th! ™ i '* li < : «*■ "P 

(1992). DNA fragment up to 500 nucleotides in length K. Tang ei aL 

Camrminirm « Mr-Sn r n rr S. 727-730 , ,994* m d a double-stranded dna of 

28 base pan, ( W,l„ams « "Time-of-Flight Mass Spcctrometrv of Nuol.ic AcidsTllr 

Ablanon and Ionization from a Frozen Aqueous Matrix - R a „iH r 

Ssffiimmao:. A 348-35 1 ( , 990)). told Cr.mmnn.nn.m in h Ur 

' Q aciHii, JapaneSePaKmNo - 5 *- | 3l909 describes an instrurnent. which detects nucleic 

ml^M S ™ eithW fcr * e *^ ^romatography or 
atoms whtch normally do no. occur in DNA such as S. Br. I or Ag. Au. Pt. Os. Hg. 

15 Snrnimny n f ,hi. lr.v rm i nn 


20 


25 


particular „„c, T" U ' V<:nt ""' '"" «^~«* P™— «* detecting a 

P-^ar nucletc actd sequence ,n a biological sample. Depending on the sequence to I 

aT" 0r | Chr0mOSOmal »"W ' » a disease or conlon ,eg 

obes, y. artherosclerosts. cancer), or infection by a pathogenic organism (e.g. virus. bacJL 
~ - tagus): or to provide information relaung to identity. heredity, or compatibUiT 

(e.g. ML A phenotyping). 

u IT 3 firSt Cmb ° diment - a nucieic «W molecule containing the nucleic acid 
equence to be detected (i.e. the target, is initially immobilized to a solid support 

can be accomplished, for example, based on hybridization between a portion 
of the target nucleic acid molecule, which is distinct from the tareet detection site and a 
capture nucleic acid molecule, which has been previously immobilized to a solid support 
Alternatively, immobilization can be accomplished by direct bonding of the tareet nucleic 
acd molecule and the solid support. Preferably, there is a spacer (e.g. a nuclei/acid 
mo ecu e) between the target nucleic acid molecule and the support. A detector nucleic acid 
molecule (e.g. an oligonucleotide or oligonucleotide mimetic,, which is complements to 
H ^ g6t leCt, ° n S,lC Ca " * en be con *«<* -ith the target detection site and formation of a 
duplex, mdicanng the presence of the target detection site can be detected bv mass 
spectrometry. In preferred embodiments, the target detection site is amplified prior to 
detection and the nucleic acid molecules are conditioned, in a further preferred embodiment, 
the target detection sequences are arranged in a format that allows multiple simultaneous 
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detections (multiplexing), as well as parallel processing using oligonucleotide arravs ("DNA 
chips"). 


Ina second embodiment, immobilization of the target nucleic acid molecule is 
an opuonal rather than a required step. Instead, once a nucleic acid molecule has been obtain 
from a b,ological sample, the target detection sequence is amplified and directlv detected bv 
mass spectrometry. In preferred embodiments, the target detection site and/or me detector ' 
oligonucleotides are conditioned prior to mass spectrometry detection. In another preferred 
embodiment, the amplified target detection sites are arranged in a format that allows multiple 
sunultaneous detections (multiplexing), as well as parallel processing using oligonucleotide 
arrays ("DNA chips"). 

In a third embodiment, nucleic acid molecules which have been replicated 
from a nucleic acid molecule obtained from a biological sample can be specifically digested 
ustng one or more nucleases (using deoxyribonucleases for DNA or ribonucleases for RNA) 
and the fragments captured on a solid support carrying the corresponding complementary 
sequences. Hybridization events and the actual molecular weights of the captured target 
sequences provide information on whether and where mutations in the gene are present TTte 
array can be analyzed spot by spot using mass spectrometry. DNA can be similarly digested 
using a cocktail of nucleases including restriction endonucleases. In a preferred embodiment, 
the nucleic acid fragments are conditioned prior to mass spectrometry detection. 

In a fourth embodiment, at least one primer with 2' terminal base 
complementarity to an allele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
annealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometry. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a portion 
of the target nucleic acid molecule, which is distinct from the target detection site and a 
capture nucleic acid molecule, which has been previously immobilized to a solid support. 
Alternatively, immobilization can be accomplished by direct bonding of the target nucleic 
acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic acid 
molecule) between the target nucleic acid molecule and the support. A nucleic acid molecule 
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acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid support (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize with a complementary sequence on the target nucleic acid 
molecule (T). known as the target capture site (TCS). The spacer (S) facilitates unhindered 
hybridization. A detector nucleic acid sequence (D). which is complements to the TDS is 
then contacted with the TDS. Hybridization between D and the TDS can be detected bv mass 
spectrometry. 

FIGURE IB is a diagram showing a process for performing mass 

spectrometric analysis on at least one target detection site (here TDS I and TDS 2) via direct 

linkage to a solid support. The target sequence (T) containing the target detection site (TDS 

1 and TDS 2) is immobilized to a solid support Via tneformationiof a reversible or" ^ • - ' - 

irreversible bond formed between an appropriate functionality (L') on the target nucleic acid 

molecule (T) and an appropriate functionality (L) on the solid support. Detector nucleic acid 

sequences (here Dl and D2). which are complementary to a target detection site (TDS 1 or 

TDS 2) are then contacted with the TDS. Hybridization between TDS 1 and Dl and/or TDS 

2 and D2 can be detected and distinguished based on molecular weight differences. 

FIGURE 1C is a diagram showing a process for detecting a wildtype (Dwt) 
and/ or a mutant (Dmut) sequence in a ^ (T) nudeic ^ mo , ecu , e ^ ^ a 

specific capture sequence (C) is attached to a solid support (SS) via a spacer (S). In addition 
the capture sequence is chosen to specifically interact with a complementary sequence on the 
target sequence (T), the target capure site (TCS) to be detected through hvbridization. 
However, if the target detection site (TDS) includes a mutation. X. which changes the 
molecular weight, mutated target detection sites can be distinguished from wildrvpe bv mass 
spectrometry. Preferably, the detector nucleic acid molecule (D) is designed so ihat the 
mutation is in the middle of the molecule and therefore would not lead to a stable hvbrid if 
the wildtype detector oligonucleotide (Dwt) is contacted with the target detector sequence, 
e.g. as a control. The mutation can also be detected if the mutated detector oligonucleotide 
(Dmut) wilh me malching base at lhe mutated position is ^ for hybridization. If a nucleic 
acid molecule obtained from a biological sample is heterozygous for the particular sequence 
(..e. contain both Dwt and Dmut). both D wt and Dmut wi n be bound to the appropriate strand 
and the mass difference allows both D« and Dmut to be detected simultaneously. 

FIGURE 2 is a diagram showing a process in which several mutations are 
simultaneously detected on one target sequence by employing corresponding detector 
oligonucleotides. The molecular weight differences between the detector oligonucleotides 
Dl. D2 and D3 must be large enough so that simultaneous detection (multiplexing) is 
possible. This can be achieved either by the sequence itself (composition or length) or by the 
introduction of mass-modify ing functionalities M 1 - M3 into the detector oligonucleotide. 
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FIGURE 7A is a diagram showing a process for performing mass 
spectrometric analysis on one target detection site (TDS) contained within a target nucleic 
acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid support (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize with a complementary sequence on T known as the target 
capture site (TCS). A nucleic acid molecule that is complementary to a portion of the TDS 
hybridized to the TDS 5' of the site of a mutation (X) within the TDS. The addition of a 
complete set of dideoxynucleosides or S'-deoxynucleoside triphosphates (e.g. pppAdd. 
pppTdd. pppCdd and pppGdd) and a DNA dependent DNA polymerase allows for the 
addition only of the one dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to X. 

FIGURE 7B is a diagram showing a process for performing mass 
spectrometric analysis to determine the presence of a mutation at a potential mutation sue 
(M) within a nucleic acid molecule. This format allows for simultaneous analysis of both 
alleles (A) and (B) of a double stranded target nucleic acid molecule, so that a diagnosis of 
homozygous normal, homozygous mutant or heterozygous can be provided. Allele A and B 
are each hybridized with complementary oligonucleotides ((C) and (D) respectively), that 
hybridize to A and B within a region that includes M. Each heteroduplex is then contacted 
with a single strand specific endonuclease, so that a mismatch at M. indicating the presence 
of a mutation, results in the cleavage of (C) and/or (D), which can then be detected by mass 
spectrometry. 

FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at opposite 
locations (e.g. the SP6 and the T7 promoter). This format is particularly useful for detecting 
heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA polymerase 
both strands could be transcribed separately or simultaneously. Both RNAs can be 
specifically captured and simultaneously detected using appropriately mass-differentiated 
detector oligonucleotides. This can be accomplished either directly in solution or by parallel 
processing of many target sequences on an ordered array of specifically immobilized 
capturing sequences. 

FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6. 7 and 8 can be specifically digested using one or more ribonucleases and the fragments 
captured on a solid support carrying the corresponding complementary sequences. 
Hybridization events and the actual molecular weights of the captured target sequences 
provide information on whether and where mutations in the gene are present. The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected by 
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FIGURE 1 9 is a graphic representation of various processes for performing 
apolipoprotein E genoryping. 

FIGURE 20 shows the nucleic acid sequence of normal apolipoprotein E 
(encoded by the E3 allele) and other isotypes encoded by the E2 and E4 alleles. 

FIGURE 21 A shows a composite restriction pattern for various genorvpes of 
apolipoprotein E. 

FIGURE 2 1 B shows the restriction partem obtained in a 3.5% MetPhor 
Agarose Gel for various genotypes of apolipoprotein E. u - « . ;.• ; ». - . 

FIGURE 2 1 G shows the resiriction partem obtained in a 1 2% polvacrvlamide 
gel for various genotypes of apolipoprotein E. 

FIGURE 22A is a chart showing the molecular weights of the 91 . 83 T> 48 
and 35 base pair fragments obtained by restriction enzyme cleavage of the E2. E3 and E4 
alleles of apolipoprotein E. 

FIGURE 22B is the mass spectra of the restriction product of a homozygous 
E4 apolipoprotein E genotype. 

FIGURE 23 A is the mass spectra of the restriction product of a homozygous 
E3 apolipoprotein E genotype. 

FIGURE 23B is the mass spectra of the restriction product of a E3/E4 
apolipoprotein E genotype. 

FIGURE 24 is an autoradiograph of a 7.5% polyacrvlamide gel in which 10% 
(^DofeachPCR was loaded. Samck M: pBR322 Alul digested: M mnl f 1 • HBV positive 
in serological analysis: sample^: also HBV positive: sample. V. without serological analysis 
but with an increased level of transaminases, indicating liver disease: sample 4 - HBV 
negative: samok^: HBV positive by serological analysis: samck^: HBV negative (-) 
negative control: <+) positive control). Staining was done with ethidium bromide. 

FIGURE 25 A is a mass spectrum of sample 1. which is HBV positive. The 
signal at 20754 Da represents the HBV related PCR product (67 nucleotides, calculated mass: 
20735 Da). The mass signal at 10390 Da represents the [M-2H]2^ signal (calculated: 10378 
Da). 

FIGURE 25B is a mass spectrum of sample 3. which is HBV negative 
corresponding to PCR. serological and dot blot based assays. The PCR product is generated 
only in trace amounts. Nevertheless it is unambiguously detected at 2075 1 Da (calculated: 
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FIGURE 32 shows a spectrum obtained from two pooled LCRs in which onlv 
salmon sperm DNA was used as a negative control, only oligo A could be detected as 
expected. 

FIGURE 33 shows a spectrum of two pooled positive LCRs (a) The 
purification was done with a combination of ultrafiltration and streptavidin DvnaBeads as 
descnbed m the text. The signal at 15448 Da represents the ligation product (calculated- 
15450 Da). The signal at 7527 represents oligo A (calculated: 7521 Da). The signals at 3761 
Da » the [M-2H]-- signal of oligo A. whereas the signal at 5 1 40 Da is the [M-3H]2+ signal 
of the ligation product. In b a spectrum of two pooled negative LCRs (without template, is 
shown. The signal at 75 14 Da represents oligo A (calculated: 752 1 Da). 

FIGURE 34 is a schematic presentation of the oligo base extension of the 
mutation detection primer b using ddTTP (A) or ddCTP (B) in the reaction mix. respectively 
The theoreucal mass calculation is given in parenthesis. The sequence shown is pan of the ' 
exon 10 of the CFTR gene that bears the most common cystic fibrosis mutation AF508 and 
more rare mutations AI507 as well as Ue506Ser. 

FIGURE 35 is a MALDI-TOF-MS spectra recorded directly from precipitated 
oligo base extended primers for mutation detection. The spectra on the top of each panel 
(ddTTP or ddCTP. respectively) show the annealed primer (CF508) without further extension 
reaction. The template of diagnosis is pointed out below each spectra and the 
observed/expected molecular mass are wrirten in parenthesis. 

FIGURE 36 shows the portion of the sequence of pRFc I DNA. which was 
used as template for PCR amplification of unmodified and 7-deazapurine contain^ 99-mer 
and 200-mer nucleic acids as well as the sequences of the 19-primers and the two 18-mer 
reverse primers. 

FIGURE 37 shows the portion of the nucleotide sequence of Ml 3mp 18 RFI 
DNA. which was used for PCR amplification of unmodified and 7-deazapurine containing 
1 03-mer nucleic acids. Also shown are nucleotide sequences of the 1 7-mer primers used "in 
the PCR. 

FIGURE 38 shows the result of a polyacrylamide gel electrophoresis of PCR 
products purified and concentrated for MALDI-TOF MS analysis. M: chain length marker, 
lane 1 : 7-deazapurine containing 99-mer PCR product, lane 2: unmodified 99-mer. lane 3: 
7-deazapurine containing 1 03-mer and lane 4: unmodified 1 03-mer PCR product. 
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FIGURE 39: an autoradiogram of poiyacrylamide gel electrophoresis of PCR 
reasons earned out wichS-.p^-labeled primers 1 and 4. Lanes 1 and2: uLodifieda^ 
-deazapunne modified 103-mer PCR product (5332 1 and 23520 counts,, lanes 3 and 4- 
umnod.fied and Taurine modified 200-mer (7! 123 and 39582 counts) and lanes 5 and 
6. unmodified and 7-deazapurine modified 99-mer ( 1 73216 and 94400 counts). 

FIGURE 40 a) MALDI-TOF mass spectrum of the unmodified 103-mer PCR 
products (sum of twelve single shot spectra). The mean value of the masses calculated for the 
two s.ngle strands (3 1 768 u and 3 1 759 u> is 31 763 , Mass resolution: 1 8. b) MALDI-TOF^ 
^rLTT 1 ° f7 " dea2aPUrine COmaining 103 - mer PCR P-duct (sum of three single shot 

T 7 ,7 ; V3lUe ° f * e maSSCS CaiCUlated for ** ™> -ngle strands (3 1 727 u and 

-> 1 71 9 u) ls 3 1 723 u. Mass resolution: 67. 

FIGURE 41 : a) MALDI-TOF mass spectrum of the unmodified 99-mer PCR 
product (sum of twenty single shot spectra,. Values of the masses calculated for the two 
single strands: 30261 u and 30794 u. b) MALDI-TOF mass spectrum of the 7-deazapurine 
_ng 99-mer PCR product (sum of twelve single shot spectra). Values of the masses 
calculated for the two single strands: 30224 u and 30750 u. 

FIGURE 42: a) MALDI-TOF mass spectrum of the unmodified 200-mer PCR 
product (sum of 30 single shot spectra,. The mean value of the masses calculated for the two 
smgle strands (61873 u and 61595 u) is 61734 u. Mass resolution: 28. b) MALDI-TOF 

mass spectrum of 7-deazapurine containing 200-mer PCR product (sum of 30 single shot 
spectra, The mean vaJue of ^ masses for ^ ^ ^ 

61514 u) is 61643 u. Mass resolution: 39. 

mn RGUR£ a> MALD, - T0F mass ^ of 7-deazapurine containing 

00-mer PCR product with ribomodified primers. The mean value of the masses calculated 
for the two single strands (30529 u and 31095 u) is 30812 u. b) MALDI-TOF mass spectrum 
of the PCR-product after hydrolytic pnmer-cleav age . The mean value of the masses 
calculated for the two single strands (25104 u and 25229 u) is 25167 u . The mean value of 
the cleaved primers (5437 u and 5918 u) is 5677 u. 

FIGURE 44 A-D shows the MALDI-TOF mass spectrum of the four 
sequencing ladders obtained from a 39-mer template (SEQ. ID. No. 13). which was 

.mmobtlized to streptavidin beads v,a a 3' biotinylation. A 1 4-mer primer (SEQ. ID. NO. 14, 
was used m the sequencing. 
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FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state sequencing 
of a 78-mer template (SEQ. ID. No. 15). which was immobilized to streptavidin beads via a 
3' biotinylation. A 1 8-mer primer ( SEQ ID No. 1 6) and ddGTP were used in the sequencing. 

FIGURE 46 shows a scheme in which duplex DNA probes with single- 
stranded overhang capture specific DNA templates and also serve as primers for solid state 
sequencing. 

FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5* 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3' biotinylated 18-mer(SEQ. 
ID. No. 20), leaving a 5-base overhang, which captured a 1 5-mer template (SEQ: iD; ! No: 2T)? ( 

FIGURE 48 shows a stacking flurogram of the same products obtained from 
the reaction described in FIGURE 35, but run on a conventional DNA sequencer. 

Detailed Description of the Invention 

In general, the instant invention provides mass spectrometric processes for 
detecting a particular nucleic acid sequence in a biological sample. As-used herein, the term 
"biological sample" refers to any material obtained from any living source (e.g. human, 
animal, plant, bacteria, fungi, protist. virus). For use in the invention, the biological sample 
should contain a nucleic acid molecule. Examples of appropriate biological samples for use 
in the instant invention include: solid materials (e.g tissue, cell pellets, biopsies) and 
biological fluids (e.g. urine, blood, saliva, amniotic fluid, mouth wash). 

Nucleic acid molecules can be isolated from a particular biological sample 
using any of a number of procedures, which are well-known in the art. the particular isolation 
procedure chosen being appropriate for the particular biological sample. For example, freeze- 
thaw and alkaline lysis procedures can be useful for obtaining nucleic acid molecules from 
solid materials: heat and alkaline lysis procedures can be useful for obtaining nucleic acid 
molecules from urine: and proteinase K extraction can be used to obtain nucleic acid from 
blood (Rolff. A et al. PCR: Clinical Diagnostics and Research. Springer (1994)). 

To obtain an appropriate quantity of a nucleic acid molecules on which to 
perform mass spectrometry, amplification may be necessary. Examples of appropriate 
amplification procedures for use in the invention include: cloning (Sambrook et al.. 
Molecular Cloning : A Laboratory Manual. Cold Spring Harbor Laboratory Press. 1989). 
polymerase chain reaction (PCR) (C.R. Newton and A. Graham. PCR. BIOS Publishers. 
1994). ligase chain reaction (LCR) (Wiedmann. M.. et. al.. (1994) PCR Methods Appl Vol. 
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Desorption can occur either by the heat created by the laser pulse and/or. depending on L ' bv 
specific absorption of laser energy which is in resonance with the L' chromophore. 

By way of example, the L-L' chemistry can be of a type of disulfide bond 
(chemically cleavable. for example, by mercaptoethanol or dithioerythrol). a 
biotin/streptavidin system, a heterobifunctional derivative of a tritvi ether eroup (KSster et 
ai. "A Versatile Acid-Labile Linker for Modification of Svnthetic Biomolecules " 
Tetrahedron \ mm 11. 7095 ( 1 990)) which can be cleaved under mildlv acidic conditions as 
well as under conditions of mass spectrometry, a levulinyl group cleavable under almost 
neutral conditions with a hydrazinium/acetate buffer, an arginine-areinine or Ivsine-lvsine 
bond cleavable by an endopeptidase enzyme like trypsin or a pyrophosphate bond cleavable 
by a pyrophosphatase, or a ribonucleotide bond in between the oligodeoxvnucleotide 
sequence, which can be cleaved, for example, by a ribonuclease or alkali. 

The functionalities. L and L/ can also form a charge transfer complex and 
thereby form the temporary L-L' linkage. Since in many cases the "charge-transfer band" can 
be determined by UV/vis spectrometry (see e.g. CWW T~ nsfgr r mp u M bv R . 

Foster. Academic Press, 1969), the laser energy can be tuned to the corresponding energy of 
the charge-transfer wavelength and. thus, a specific desorption off the solid support can be 
initiated. Those skilled in the art will recognize that several combinations can serve this 
purpose and that the donor functionality can be either on the solid support or coupled to the 
nucleic acid molecule to be detected or vice versa. 

In yet another approach, a reversible L-L' linkage can be generated bv 
2:> homolytically forming relatively stable radicals. Under the influence of the laser pulse, 

desorption (as discussed above) as well as ionization will take place at the radical position. 
Those skilled in the art will recognize that other organic radicals can be selected and that, in 
relation to the dissociation energies needed to homolytically cleave the bond between them, a 
corresponding laser wavelength can be selected (see e.g. Reactive Mnl~„i~ b v C. Wentrup. 
30 John Wiley &. Sons. 1984). 


20 


35 


An anchoring function V can also be incorporated into a target capturing 
sequence (TCS) by using appropriate primers during an amplification procedure, such as 
PCR (FIGURE 4). LCR (FIGURE 5) or transcription amplification (FIGURE 6A). 

Prior to mass spectrometric analysis, it may be useful to "condition" nucleic 
acid molecules, for example to decrease the laser energy required for volatization and/or to 
minimize fragmentation. Conditioning is preferably performed while a target detection site is 
immobilized. An example of conditioning is modification of the phosphodiester backbone of 
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the nucleic acid molecule (e.g. cation exchange), which can be useful for eliminating peak 
broadening due to a heterogeneity in the canons bound per nucleotide unit. Contacting a 
nucleic acid molecule with an alkylating agent such as alkyliodide. iodoacetamide. 0- 
iodocthanol. or 2.3-epoxy-l-propanol. the monothio phosphodiester bonds of a nucleic acid 
molecule can be transformed into a phosphotriester bond. Likewise, phosphodiester bonds 
may be transformed to uncharged derivatives employing trialkylsilyl chlorides. Further 
conditioning involves incorporating nucleotides which reduce sensitivity for depurination 
(fragmentation during MS) such as N7- or N9-deazapurine nucleotides, or RNA building 
blocks or using oligonucleotide triesters or incorporating phosphorothioate functions which 
are alkylated or employing oligonucleotide mimetics such as PNA. 

For certain applications, it may be useful to simultaneously detect more than 
one (mutated) loci on a particular captured nucleic acid fragment (on one spot of an array) or 
.t may be useful to perform parallel processing by using oligonucleotide or oligonucleotide 
mimetic arrays on various solid supports. "Multiplexing" can be achieved by several 
different methodologies. For example, several mutations can be simultaneously detected on 
one target sequence by employing corresponding detector (probe) molecules (e.g. 
oligonucleotides or oligonucleotide mimetics). However, the molecular weight differences 
between the detector oligonucleotides Dl. D2 and D3 must be large enough so that 
simultaneous detection (multiplexing) is possible. This can be achieved either by the 
sequence itself (composition or length) or by the introduction of mass-modifying 
functionalities Ml - M3 into the detector oligonucleotide.(FIGURE 2) 

Mass modifying moieties can be attached, for instance, to either the 5-end of 
the oligonucleotide (Ml ). to the nucleobase (or bases) (M^. M 7 ). to the phosphate backbone 
(M->). and to the J-position of the nucleoside (nucleosides) (M 4 . M*) or/and to the terminal 
S'-position (M>). Examples of mass modifying moieties include . for example, a halogen, an 
azido. or of the type. XR. wherein X is a linking group and R is a mass-modifying 
functionality. The mass-modifying functionality can thus be used to introduce defined mass 
increments into the oligonucleotide molecule. 

Here the mass-modifying moiety. M. can be attached either to the nucleobase. 
M- (in case of the c 7 -deazanucleosides also to C-7. M 7 ). to the triphosphate group at the 
alpha phosphate. M^. or to the 2 -position of the sugar ring of the nucleoside triphosphate. 
M 4 and M 6 . Furthermore, the mass-modifying functionality can be added so as to affect 
chain termination, such as by attaching it to the 3 , -posiiion of the sugar ring in the nucleoside 
triphosphate. M^>. For those skilled in the an. it is clear that many combinations can serve the 
purpose of the invention equally well. In the same way. those skilled in the an will recognize 
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mat cham-elongating nucleoside triphosphates can also be mass-modified in a similar fashion 
w,th numerous variations and combinations in functionality and attachment positions. 

Without limiting the scope of the invention, the mass-modification. M can be 
•ntroduced for X in XR as well as using oligo.polyethylene glycol derivatives for R Z 
mass-modifying increment in this case is 44. i.e. five different mass-modified species can be 
generated b y just changing m from 0 to 4 thus adding mass units of 45 <m=0). 89 (m-1 ) 133- 

D> = o t ( T 3) T <m=4) 10 *" nUClCiC 3Cid m ° IeCU,e (e * detCCt0r oligonucleotide 
(D) or the nucleos.de triphosphates (FIGURE 6(C)). respectively). The oli e o/polvethvlene 

t b 1 m ° n0aIk - V,aled * 3 ,OWCr alk ^ »"* - "ethyl- «hyl. propv.. isopropv. 

t-butyland thehke. A selection of linking fonctior*lities.* 

chemzstnes can be used in the mass-modified compounds, as for example, those described 
^s Oxf o^j ^' g I ft 9 n 9 n i rl( ' nridr ^ nd " P ™l ^nrn i rh . F. Eckstein, editor. IRL 

In yet another embodiment, various mass-modifying functionalities. R. other 
than ohgo/polyethylene glycols, can be selected and attached via appropriate linking 
chemistry X. A simple mass-modification can be achieved by substituting H for halogens 
C 1 Br and/or I. or pseudohalogens such as SCN. NCS. or by using different alkvl. aryl 

IT. lTT h " mCthyL CthyL PrOPyL iSOPrOPyK ^ hc ^ P^ 1 ' ^stituted 
pnenyl. benzyl, or functional groups such as CH->F. CHF-> CF~ Si(CH-)- 

Si(CH 3 ) 2 (C 2 H 5 ). Si(CH 3 )(C 2 H 5)2 . Si(C 2 H 5 ) 3 ~ Yet ano'ther mass-modification can be 
obtained by attaching homo- or heteropeptides through the nucleic acid molecule (e g 
detector (D)> or nucleoside triphosphates. One example useful in generating mass-modified 
specks w,th a mass increment of 57 is the attachment of oligoglvcines. e.g mass- 
modifications of 74 (r=l. m-O). 131 (r=l. m=2). 188 (r=L m=3). 245 (r=l. m=4) are 
achieved. S.mple oligoamides also can be used. e.g.. mass-modifications of 74 (r=l m=0) 
88 (r=2. m=0). 102 (r=3. m=0). 1 16 (r=4. m=0). etc. are obtainable. For those skilled in the 
art. ,t wm be obvious that there are numerous possibilities in addition to those mentioned 
above. 


As used herein, the superscript 0-i designates i - 1 mass differentiated 
nucleot.des. primers or tags, in some instances, the superscript 0 can designate an 
unmod.f.ed species ofa particular reacts and the superscript i can designate the i-th mass- 
modified species of that reactant. If. for example, more than one species of nucleic acids are 
to be concurrently detected, then i ^ 1 different mass-modified detector oligonucleotides (D<>. 

*- DI) Ca " be ^ lo distinguish each species of mass modified detector oligonucleotides 
(D) from the others by mass spectrometry. 
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Different mass-modified detector oligonucleotides can be used to 
simultaneously detect all possible variants/mutants simultaneously (FIGURE 6B). 
Alternatively, all four base permutations at the site of a mutation can be detected by 
designing and positioning a detector oligonucleotide, so that it serves as a primer for a 
DNA/RNA polymerase (FIGURE 6C). For example, mass modifications also can be 
incorporated during the amplification process. 

FIGURE 3 shows a different multiplex detection format, in which 
differentiation is accomplished by employing different specific capture sequences which are 
position-specifically immobilized on a flat surface (e.g. a 'chip array'). If different target 
sequences Tl - Tn are present their target capture sites TCS 1 - TCSn will specifically 
interact with complementary immobilized capture sequences C l-Cn. Detection is achieved 
by employing appropriately mass differentiated detector oligonucleotides DI - Dn. which are 
mass differentiated either by their sequences or by mass modifying functionalities Mi - Mn. 

Preferred mass spectrometer formats for use in the invention are matrix 
assisted laser desorption ionization (MALDI). electrospray (ES). ion cyclotron resonance 
(ICR) and Fourier Transform. For ES. the samples, dissolved in water or in a volatile buffer, 
are injected either continuously or discontinuousiy into an atmospheric pressure ionization 
interface (API) and then mass analyzed by a quadrupole. The generation of multiple ion 
peaks which can be obtained using ES mass spectrometry can increase the accuracy of the 
mass determination. Even more detailed information on the specific structure can be 
obtained using an MS/MS quadrupole configuration 

In MALDI mass spectrometry, various mass analyzers can be used. e.g.. 
magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS). Fourier transform and lime-of-flight (TOF) configurations as is known in the an of 
mass spectrometry. For the desorption/ionization process, numerous matrix/laser 
combinations can be used. Ion-trap and reflectron configurations can also be employed. 

The mass spectrometric processes described above can be used, for example, 
to diagnose any of the more than 3000 genetic diseases currently known (e.g hemophilias, 
thalassemias. Duchenne Muscular Dystrophy (DMD). Huntington's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF)) or to be identified. 

The following Example 3 provides a mass spectrometer method for detecting a 
mutation (AF508) of the cystic fibrosis transmembrane conductance regulator gene (CFTR). 
which differs by only three base pairs (900 daltons) from the wild rype of CFTR gene. As 
described further in Example 3. the detection is based on a single-tube, competitive 
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oligonucleotide single base extension (COSBE) reaction using a pair of primers with the 3'- 
terminal base complementary to either the normal or mutant allele. Upon hybridization and 
addition of a polymerase and the nucleoside triphosphate one base downstream, only those 
primers properly annealed (i.e.. no S'-terminal mismatch) are extended: products are resolved 
by molecular weight shifts as determined by matrix assisted laser desorption ionization time- 
of-flight mass spectrometry. For the cystic fibrosis AF508 polymorphism. 28-mer normal' 
(N) and 30-mer 'mutant' (M) primers generate 29- and 3 1-mers for N and M homozygotes. 
respectively, and both for heterozygotes. Since primer and product molecular weights are 
relatively low (<10 kDa) and the mass difference between these are at least that of a single - 
300 Da nucleotide unit, low resolution instrumentation is suitable for such measurements. 

In addition to mutated genes, which result in genetic disease, certain birth 
defects are the result of chromosomal abnormalities such as Trisomy 21 (Down's Syndrome). 
Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's Syndrome). Monosomy X (Turner's 
Syndrome) and other sex chromosome aneuploidies such as Klienfelter's Syndrome (XXY). 

Further, there is growing evidence that certain DNA sequences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis, 
obesity, various autoimmune diseases and cancer (e.g...colorectal, breast, ovarian, lung); 
chromosomal abnormality (either prenatally or postnatally); or a predisposition to a disease or 
condition (e.g. obesity, artherosclerosis. cancer). Also, the detection of "DNA fingerprints", 
e.g. polymorphisms, such as "microsatellite sequences", are useful for determining identity or 
heredity (e.g. paternity or maternity). 

The following Example 4 provides a mass spectometer method for identifying 
any of the three different isoforms of human apolipoprotein E. which are coded by the E2. E3 
and E4 alleles. Here the molecular weights of DNA fragments obtained after restriction with 
appropriate restriction endonucleases can be used to detect the presence of a mutation. 

Depending on the biological sample, the diagnosis for a genetic disease, 
chromosomal aneupioidy or genetic predisposition can be preformed either pre- or post- 
natailv. 


Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Detecting 
or quantitating nucleic acid sequences that are specific to the infectious organism is important 
for diagnosing or monitoring infection. Examples of disease causing viruses that infect 
humans and animals and which may be detected by the disclosed processes include: 
Retroviridae (e.g.. human immunodeficiency viruses, such as HIV-1 (also referred to as 
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n^' w r H ^ V -' n/LAV ' S " L « Vol. 3,3. Pp. 227 ., 84 

(1985): Warn Hobson. S. ei al. C e /7. Vol. 40: Pp. 9-17 (1985)). HIV 1 

C^ 1 ' 328 ' <1,87); EUTO - : — ^« ' 

°v H ' V - LP • Nation No WO 

viruses, human coxsackie viruses, rhinoviruses echoviLs, c /' f 
cause gastroenteritis); 1^ . equine ™T """ *" 

) P7^,i,. j , . ' B " qume """Phallus viruses, rubella viruses)- 

27 T 7 CTC5PlU,WS viruses,: CoronL^ , 

■fcg -—.ruses* <e.g.. vesicular stomatitis viruses, rabies viruses, 

<»-8~ cbola viruses): Paramvxoviridae le „ n,„;„a. 
measle, „;_,« , ■ ™°" ,e -8- parainfluenza viruses, mumps virus. 

Z^- 7VTr y SynCy " al V,nB ' : <•*• -nfl-cnza viruses' 

Simgaviri<4re (e.g.. Hanlaan viruses, bunsa viruses - 
virida . Ihmn . . . ™ ga v,nJsts - PWetwvinises and Nairn viruses): Arena 

vmdae <hern„n*ag, c fever vtruses,: JW,^ , rotaviruses,- 

£r , " ePadnaVlrida ' «*P— 8 (parvoviruses, 

(CMr^^ rr viras (Hsv> 1 - - — *»• «»—^» 

(lMV ^ ^rpes viruses'); Poxviridae (variola viruses vaccini, v..,.* 

r • j . . , viruses, vaccinia viruses, pox viruses)* and 

™^ e E ; ^ *"* ~ *«• £• ^otca, 

agents of Spongtform encephalopathies, me agem of deha hepatittjs (thought to be a " 

ntT Satt, " K ° f " B fc —» — B hepatitis (cljT, - 

ZT- 7 2 = ParenKra " y UOTSmiMd «*• H ^'- C): NorwalK and 

related viruses, and astroviruses). 

■ Examples of infectious bacteria include: Helicobacter pvioris. Borelia 

ZfacTt C7" a PneUm0pHilia - ^baaeria sps ,, g . A, tuberculosis. X, avium. A, 

V Z^T Tt M g ° rd0nae) ' ^ MW ™ — ^ria sonorrHoeae. 
Selena men ing u ldl s. Listeria monocytogenes. Streptococcus pyogenes (Group A 
Streptococcus,. Streptococcus agalactiae (Group B Streptococcus Streptococcus (viridans 
group, Streptococcus faecalts. Streptococcus bovis. Streptococcus ^aerobic sps ) 
Streptococcus pneurnonae. pathogenic Campylobacter sp.. Enterococcus sp.. HaemopHtlus 
^uenzae. Bacillus antracis. corynebactenum dipnthenae. corvnebacterium sp. 
Erystpelotnrix rnustopatniae. Clostridium perfrngers. Clostridium tetan, Enterobacter 
aerogenes. Klebsiella pneumoniae. Pasturella multocida. Bacteroides sp.. Fusobacterium 
nucleatum. Streptobacillus moniliformis. Treponema palladium. Treponema pertenue 
Leptospira, and Actinomyces israelii. 
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Examples of mfecrious fungi include: Cryptococcus neoformans. Histoplasma 
capsular Coccidioides immitis. Blastomyces dermatitidis.CMamvdia trachomatis 
Candtda albicans. Other infectious organisms (i.e.. protisrs) include: Plasmodium 
falciparum and Toxoplasma gondii. 

5 .-. 

The following Exampie 5 provides a nested PCR and mass spectrometer based 
method that was used to detect hepatitis B virus (HBV) DNA in blood samples. Similarly 
othe, : blood-borne viruses (e.g.. HIV-1. HIV-2. hepatitis C virus (HCV). hepatitis A virus " 
(HAV) and other hepatitis viruses (e.g.. non-A-non-B hepatitis, hepatitis G. hepatits E) 
1 cytomegalovirus, and herpes simplex virus f HSV)) can be detected each alone or in 

combination based on the methods described herein.' " : : . — v -r -w. ' rxiteii '.. .m. 

Since the sequence of about 1 6 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
can be used to detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast, and viruses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species 
(Thompson. J.S. and M.W. Thompson, eds.. Genetic in Mrrlirinr, W.B. Saunders Co.. 
Philadelphia. PA ( 1 986). 

One process for detecting a wildtype (Dwt) and/ or a mulam (Dmul) sequence 
in a target (T) nucleic acid molecule is shown in Figure 1C. A specific capture sequence (C) 
.s attached to a solid support (ss) via a spacer (S). In addition, the capture sequence is chosen 
to specially interact with a complementary sequence on the tarset sequence (T). the target 
capture site (TCS) to be detected through hybridization. However, if the target detection site 
fTDS) mcludes a mutation. X. which increases or decreases the molecular weight, mutated 

Can be dislin euished from wildtype by mass spectrometry. For example, in the case of 
an adenine base (dA) insertion, the difference in molecular weights between Dwt and Dmut 
would be about 314 daltons. 

Preferably, the detector nucleic acid (D) is designed such that the mutation 
would be ,n the middle of the molecule and the flanking regions are short enoueh so that a 
stable hybnd would not be formed if the wildtype detector oligonucleotide (Dwt) is contacted 
w,th the mutated target detector sequence as a control. The mutation can also be detected if 
the mutated detector oligonucleotide (Dmut) wi lh ^ matching base n ^ mutated 
.s used for hybridization. If a nucleic acid obtained from a biological sample is heterozveous 
for the panicular sequence ( i.e. contain both Dwt and Dmut). both Dwt and Dmut wi n be 
bound to the appropriate strand and the mass difference allows both Dwt and Dmut to be 
detected simultaneously. 
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the „ Pr ?r SS 15 inVemi ° n makCS USe ° t the koawn se ^ e "« information of 

he targe: sequence and known mutation sues. Although new mutations can also be detected 

For example, as shown in FIGURE 8. transition of a nucleic acid molecule obtained from 
a b.olog.ca, sample can be specifically digested usmg one or more nucleases and the 
foments captured on a solid support carrymg the corresponding complements nucldc acid 
sequence, Detecuon of hybridization and the molecular weights of the captured tareet 
sequences provide infonnation on whether and where in a gene a mutation is present" 
Alternauvely. DNA can be cleaved by one or more specific endonuc.eases to form a mtxture 
of ^gments Comparison of the molecular we.ghts between wildtype and mutant fragment •: . 
mixtures results in mutation detection. 

h m J"* PrcSem inVCnti0n ^ fimher U,USlrated by the followi «g «^Ples which 
should not be construed as limiting in any way. The contents of all cited references 

(mcludmg literature references, issued patents, published patent applicauons (including 
intemauonal patent application Publication Number WO 94/16101 entitled DNA 
fencing oy Mass Spectrometry by H. Koester. and international patent application 
Pubucauon Number WO 94/21 822 entitled "DNA Sequencing by Mass Spectrometry Via 
Exonudease Degradation" by H. Koester). and co-pending patent applications, (including 
U.S Patent Apphcation Serial No. 08/406.199. entitled DNA Diagnostics Based on Mass 
Spectrometry by H. Koester), as cited throughout this application are herebv expresslv 
incorporated by reference. 

Example 1 MAI.DT-TOF rtnmwimi of oliPonnri^c ^ Th , rn 1 n K f j _ 1 |n rnrn 

l g CPG (Controlled Pore Glass) was functional ized with 3-(triethoxysilyl)- 
epoxypropan to form OH-groups on the polymer surface. A standard oligonucleotide 
synthes lS with 13 mg of the OH-CPG on a DNA synthesizer (Milligen. Model 7500) 
employing P-cyanoethyl-phosphoamidites (Koster et al.. Nucleic Acids Res.. 12 4539 
(1994), and TAC N-protecting groups (Koster et aJ.. Tetrahedron. 3_Z. 362 (1981)) was 
performed to synthesize a 3'-T 5 -50mer oligonucleotide sequence in which 50 nucleoudes are 
complementary to a "hypothetical" 50mer sequence. T 5 serves as a spacer. Deprotection 
w,th saturated ammonia in methanol at room temperature for 2 hours furnished according to 
the determination of the DMT group CPG which contained about 10 umol 55mer/e CPG. 
This ^mer served as a template for hybridizations with a 26mer ( with 5'-DMT group) and a 
40mer (wtthout DMT group). The reaction volume is 100 ul and contains about Inmol CPG 
bound corner as template, an equimolar amount of oligonucleotide in solution (26mer or 
40mer, m 20mM Tris-HCI. pH 7.5. 10 mM MgCI 2 and 25mM NaCI. The mixture was 
heated for 10' at 65°C and cooled to 37°C during 30' (annealing). The oligonucleotide which 
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has not been hybridized to the polymer-bound template were removed by cenrxifueation and 
three subsequent washing/cemrifugation steps with 100 ul each of ice-cold 50mM~ 
ammoruumcitrate. The beads were air-dried and mixed with matrix solution (3- 
hydroxypicolinic acid/lOmM ammonium citrate in acetonitrii/water. 1 : 1 ). and analyzed bv 
MALDI-TOF mass spectrometry. The results are presented in Figures 10 and 1 1 

Example 2 El wiranmiv f F«S) ftoormion and diflfe«mi.rinn nfffl ! P . mw . afll< l0 . Trr 

DNA fragments at a concentration of 50 pmole/ul in 2-propanoI/l OmM 
ammoniumcarbonate (1/9. v/v) were analyzed simultaneously by an electrosprav mass 
spectrometer. 

The successful desorption and differentiation of an 1 8-mer and 1 9-mer by 
eiectrospray mass spectrometry is shown in FIGURE 12. 

Examp]e 3 D«g«ipn of The r^fe Fihnwn Mnnrion afso« k,. Hnr l r 1T f F if f1m .. 
extension and analysis hv M at ni.Tr> F m ^ « r » nT nnr Tn . 

MATERIALS AND METHODS 

PCR Amplification and Strand Immobilization. Amplification was carried out 
with exon 10 specific primers using standard PCR conditions (30 cycles: r@95°C. r@55"C. 
2 , @72°C): the reverse primer was 5' labelled with biotin and column purified 
(Oligopurification Cartridge. Cruachem). After amplification the PCR products were purified 
by column separation ( Qiagen Quickspin) and immobilized on streptavidin coated magnetic 
beads (Dynabeads. Dynal. Norway) according to their standard protocol: DNA was denatured 
using 0. 1 M NaOH and washed with 0. 1 M NaOH. 1 xB+ W buffer and TE buffer to remove the 
non-biotinylated sense strand. 

COSBE Conditions. The beads containing ligated antisense strand were 
resuspended in 18^1 of Reaction mix 1 (2 ul 10X Taq buffer. 1 uL (1 unit) Taq Polymerase. 2 
uL of 2 mM dGTP. and 13 uL H 2 0) and incubated at 80"C for 5' before the addition of 
Reaciton mix 2 ( 100 ng each of COSBE primers). The temperature was reduced to 60°C and 
the matures incubated for a 5' annealing/extension period: the beads were then washed in 
25mM iriethylammonium acetate (TEAA) followed by 50mM ammonium citrate. 

Primer Sequences. All primers were synthesized on a Perseptive Biosystems 
Expedite 8900 DNA Synthesizer using conventional phosphoramidite chemistrv (Sinha et al. 
( 1 984) Nucleic Acids Res. 72:4539. COSBE primers (both containing an intentional 
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%T££^Z*V y ' KmiBUS ' ^ m 3 ™ ARMS studv (Feme 

et au (1992) Am J Hum Genet 51^5\-r>&\ with rU- - x_ " ircme 

from the y-end of the norma!: ^ ^ fc «*»*««-•"--. 

Ex. 0 PCR (Forward): S'-BltWJCA ACT GAA TCC TGA GCG TG-3' (SEO ID No . , 
ExIOPCR (Reverse,: y-GTG TGA AGO GTT CAT ATG C-T (SEQ ,D No " 
COSBE 4F508-N ,. ATC TAT ATT CAT CAT ACO AAA CAC cj,, ^ (SEQ , D 

,0 ZTf m ' M 5 '- GTA AM ^ ATC ATA CGA - C A « *™ ,30-mer, (SEQ 


M u Sp.crome.n- After washing, beads wen: resumed in 1 ul_ 18 

« dtr M dTb ^ "* ' WU « " • ' " 3 > "**» M 3-hydr xvpLinic 

ai. t I vvs ) /tap/tf Commun Mass Soectrom R-mi , • 

M opecirom 6. /27-7j0) were mixed on a sanmle target and 

a«owed to atr dry. Up „ 20 samples were spotted 0 „ . ^ ^ ^ J, ^ jn[0 

d^de " ^ Wit " 5 Md 20 kV °" -*« - version 

canbratton , .08 Da has been subtracted from these to correct for the charge carrying 
proton mass to yield the text Ittyexp) values. -mying 

and 9,48 0 n, SCh ""' T" mne * ,in * '° b °' md KmplaK - "* N and M '8508.6 
and 9,48.0 Da. respecfvely, are presented win, dGTP: oniy primers with proper Watson- 

Cnck base panng a, the variable (V) position are extended by the polymerase. Thus if V 

pans wtth the 3-,erminal base of N. N is extended to a 8837.9 Da product (Nh-1 ). Likewise 

TV » properly matched to the M terminus. M is extended to a 9477.3 Da M*l product 


Results 


Figures 14-18 show the representative mass spectra of COSBE reaction 
products. Better results were obtamed when PCR products were purified before the 
biocinyiated anti-sense strand was bound 


35 Example 4 


Differrnrmtion of Human Anolinonmrrin f i^, h , M aw w., n . 

Apolipoprotein E ( Apo E). a protein component of lipoproteins, piavs an 
essenual role in lipid metabolism. For example, i, is involved with cholesterol transport. 
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metabolism of lipoprotein panicles, immunoregulation and activation of a number of lipolytic 


enzvmes. 


There are three common isoforms of human Apo E (coded by E2. E3 and E4 
alleles). The most common is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective effect against the 
development of atherosclerosis. Finally, the E4 isoform has been correlated with increased 
levels of cholesterol, conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 

As shown in Figure 19. a sample of DNA encoding apolipoprotein E can be 
obtained from a subject, amplified (e.g. via PCR); and the PCR product can be digested using 
an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be analyzed by a 
variety of means. As shown in Figure 20. the three isotypes of apolipoprotein E (E2. E3 and 
E4 have different nucleic acid sequences and therefore also have distinguishable molecular 
weight values. 

As shown in Figure 2 1 A-C. different Apolipoprotein E genotypes exhibit 
different restriction patterns in a 3.5% MetPhor Agarose Gel or 12% polyacrylamide gel. As 
shown in Figures 22 and 23. the various apolipoprotein E genotypes can also be accurately 
and rapidly determined by mass spectrometry. 

E xample S Detection of henatim R virus in ^n, m sampl^ 

MATERIALS AND METHODS 


i 


Sample preparation 

Phenol/choloform extraction of viral DNA and the final ethanol precipitation 
was done according to standard protocols. 

First PCR: 

Each reaction was performed with 5ul of the DNA preparation from serum. 
15 pmol of each primer and 2 units Taq DNA polymerase {Perkin Elmer. Weiterstadt. 
Germany) were used. The final concentration of each dNTP was 200nM. the final volume of 
the reaction was 50 \x\. lOx PCR buffer (Perkin Elmer. Weiterstadt. Germany) contained 100 
mM Tris-HCl. pH 8.3. 500 mM KC1. 15 mM MgCH. 0.01% gelatine (w/v). 
Primer sequences: 

Primer 1: 5'-GCTTTGGGGCATGGACATTGACCCGTATAA- 3 ' (SEQ ID NO . S i 
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Primer 2: 5'-CTGACTACTAATTCCCTGGATGCTGGGTCT-3 ' ,SEQI DN0 . 6) 

/7u<exo-) DNA polymerase (Strataeene HeidelK.^ r- r- '--•-> u 

,M of each dNTPs and 5 „, Ox ,/L 4""^°™ L^T"'" 

-M (NH 4t S0 4 . 20 mM MgS0 4 1% Triton X 7m ^ ° "*' Kl 100 

Germany, were used in a final votule 50 T ^ » '^S^- H ' M ^ 

» U— cler lOmniGene. MWG Zcfh Ehe^T "T ""^ 3 
nrotrnm o-..r-r , O,ore,:n - tbersb «S- Germany) using the following 

Sequence of oT H """^ ^ ' ^ » d 7 "* C '~ ' minute with 20 cvc.l 
of ohgodeoxynucleotides .purchased HFLCpurified . MWG . Bjotech . 

HBVl3:5'-TTGCCTGAGTGCAGTATGGT-3- , evn 

HBV, J o,o : B 1 o ti n-5-. AC CTCT ATAT c= GGAAOCCT .3. £ £, 7 ,' 

PuHfir; "mnfTfPT prnrlnrn 

above) was t^uTr" 8 T" "* 5 ° * " —«>«• 

the rZlTr U1,ra *«-MC filtrate ™ (Millipore. Eschbom. Germany) according to 
the protocol of the prov.de, with centriftgation at 8000 rpm for 20 minutes - 5m noil 
s*eptav,dm Dynabeads (Dyna, Hamburg. Germany, were prepared accorL^totne 
~,ns of me manufacturer and resuspended in 25ul o buffer ,^ T * HC , 
PH7., , mM EDTA. 2 M Nad ,. This suspension was added to the PCR stnvteJstilHn the 

«t n :r^: ,he m,xmrc " •* -* <* » — - ~ 

wZITd , 7 m r: ^ ^ in 3 t3 ml ERP—f and the supernatant 
was removed w,th the a,d of a Magnetic Panicle CoUecor. MPC. (Dvnal. Hamburg 

8^Ts'' tMdS ^ '" iCe 30 0, '°' 7 M ~ *™ -i-ton. PH 

be acc„ T7T rcm ° Ved e3Ch USmS MPC) ' f «™ beads can 

be accomplished by usmg formamide a, 90'C. The supernatant was dried in a speedvac for 
about an hour and resuspended in 4 u| of ultrapure water (MilliQ UF plus Millipore 
Eschbom. Germany.. This preparation was used for MALDI-TOF MS analysis. 

MAtm.Tnr 

Haifa microliter ofthe sample was p.pened onto the sample holder, men 
•mmedrately mixed with 0.5 ul matrix solution .0.7 M3-hydroxv pi colinic acid 50% 
acetomtnle. 70 mM ammonium citrate,. Th.s mixture was dried a, ambient temperature and 
m^duced ,„,„ the mass spectrometer. All spectra were taken in positive ion mode usine a 
Fmmgan MAT V,sion 2000 (Finnigan MAT. Bremen. Germany,, equipped w,th a reflec'tron 
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keV ,on source. 20 IceV postacceleration) and a 337 nm nitrogen laser. Calibration was 
done with a mixture of a 40mer and a 1 OOmer. Each sample was measured with different 
laser energies. In the negative samples, the PCR product was detected neither with less nor 
with tugher laser energies. In the positive samples the PCR product was detected at different 
places of the sample spot and also with varying laser energies. 


Results 


10 


0 


A nested PCR system was used for the detection of HBV DNA in blood 
samples employing oligonucleotides complementary to the c region of the HBV aenome 
(pnmer 1 : beginning at map position 1 763. primer 2 beginning at map position 2032 of the 
complementary strand) encoding the HBV core antigen (HBVcAg). DNA was isolated from 
patients serum according to standard protocols. A first PCR was performed with the DNA 
™» ^ Se Potions ^ng a first set of primers. If HBV DNA was present in the sample a 
I 3 DNA fragment of 269 bp was generated. 

,k »r-r> c In SCC ° nd rcaCti ° n - PrimCrS WWch WCre co ™plementary to a region within 
the PCR fragment generated in the first PCR were used. If HBV related PCR products were 
present in the first PCR a DNA fragment of 67 bp was generated^ Fig. 25A) in this nested 
PCR. The usage of a nested PCR system for detection provides a high sensitivirv and also 
serves as a specificity control for the external PCR (Rolfs. A. et al. PCR- Clinical 
Diagnostics and Research. Springer. Heidelberg, 1992). A further advantage is that the 
amount of fragments generated in the second PCR is high enough to ensure an unproblematic 
detection although purification losses can not be avoided. 

The samples were purified using ultrafiltration to remove the primers prior to 
immobilization on streptavidin Dynabeads. This purification was done because the shorter 
pnmer fragments were immobilized in higher yield on the beads due to steric reasons The 
immobilization was done directly on the ultrafiltration membrane to avoid substance losses 
due to unspecific absorption on the membrane. Following immobilization, the beads were 
washed with ammonium citrate to perform cation exchanee (Pieles. U. et al (1993) Nucleic 
Acids Res 21:3191-3196). The immobilized DNA was cleaved from the beads using -5% 
ammonia which allows cleavage of DNA from the beads in a very short time, but does not 
result in an introduction of sodium cations. 

The nested PCRs and the MALDI TOF analysis were performed without 
knowing the results of serological analysis. Due to the unknown virus titer, each sample of 
the first PCR was used undiluted as template and in a 1 : 10 dilution, respectivelv. 
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Sample was collected from a patient with chronic active HB V infrct" „ 
was posmve in HBs- and HBe-antigen tests but negative i„ a d™ h. , ° 
a sen™ samp.e from a patient with an active HB V , SmP " ! 2 

HB V positive i„ a dot bio, analysis. S J ,e 3 !I aUlT 3 ^ ^ "*° "~ 
sero,o si cia. ana, y sis could be performed but JZ£X£ZZ "° 
Hver disease was detected. ■„ autoradiograph anal^l ^ Te^ 'T^ 
sample was negative. Nevertheless, there was some ev den^'f HRV f 
is of interest for MALDI-TOF anlavsis becauseTJ. ^ ^ 

of PCR products can be a^eaed ancTthef r -en low-level amounts 

patient who was cured of^nf" si f ^ 4MSh "' 
achronic active HBV infecltn. »»» P-** wi* 

generated, i, is indeed HBV negative aLtd^' , „ "° PCR Pr0dUC ' Was 

positive controls are indicated TZ7 «ZlT< TV " 
-s 2. 5. 6 and . if non-diluted template wL u^ " " 

template was used in a 1 :,0 dilution. In sampleTpCR orodT, 7 ," 0 ' " ** 

■cmplate was not diluted The result of T ™ ° , " ) ' deKCBbte if "* 

— * serologic, * * 

tne PCR product cleaved from the beads) The m«c a-ft ^ 
-sis ,9Da,0.09%, As shown intg ^ ^ 

PCR product, resulting in an unambiguo!* letecTn ^ ' 3 ° f 

Fi e ^4 FiS 2 f *° WS 3 SpeC '~ mobui "«' fr°n. sample number 3. Asdep.ctedin 

Mg. .4. the amount of PCR product eenerateH in rhioe. . „ 

frn m « , u p oauci generated m th, s section is significantJv lower than that 

rrom sample number 1. Nevertheless the Pre „™j • , ' 

•>n?* in,,. enneiess. the PCR product .s clearly revealed with a mass of 

-07ol Da (calculated 20735). The mass difference is | 6 Da ( 0O««/ , n, , 

in Fio ^sr «k, ^ r ^ence is it> Da (0.08%). The spectrum depicted 

4, , si 7 ta r plt number 4 wwch is hbv <- * — » 

sables shir T n ° S ' 8 COrrKp0ndi ^ - *« ** product could be detected. All 

S n aT H KV ? e " ^ 1>Zed Wi ' h MALDI - TOF MS. whereby PCR product was 

w" eo od d POS "' Ve SamP ' eS - "°' HBV »• ™ese result, 

were reproduced in several independent experiments. 
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MATERIALS AND METHODS 


^ Oligodeoxynucleotides 

a 0.2 pa., scale o„ a MilliGen 7500 DNA Synthesizer (MiUiporc. Bedford MA USA^inc 

10 l"c„ H- 3j9 ' 4: ' 7 J ) ' ^ "'"Meoxynucleotides were RP-HPLC-purified and deprotected 
(HPLC-punfied) from B.ofnetra. Gortingeh: Germany);^' ^ - ; ^ ? ^ ... ,. ? . , .: 

Sequences and calculated masses of the oligonucleotides used- 
^ Oi.godeoxynucleotide A: s ■ -p-TTOTCCCACCCOCTTOSCAATCTA (752 , ^ 1D No 

OUgodeoxynucieotideB: s ■ -P-ACCAACOACTSTTTSCCCSCCACTTG ( ^ 8Da)(S EQ ID 
. OligodeoxynucleoUdeC: S ■ -bio-TACATTCCCAACC^TCCCACAAC ■ (7*0 D„ ( SEQ 

20 Oligodeoxynucleotide D: 5 ' -D-AACTC^rrv-r-™**™™. 

No , 2) p AACTGGCGGGCAAACAGTCGTTGCT (7708 Da) (SEQ ID 

i '-Phosphorylation of oligonucleotides A and D 
■>5 German, ^ ^ PCrr ° nned P 01 ^ 1 ' 01 ^ ^ (Boehringer. Mannheim. 

Ligase chain reaction 

0 ,S,rata e ene Hel^ ^ Pert0rmed Wi ' h ^ ° NA "«« " i ' chai " ««*» 

Z*T' H " delbCT 8- °«™ny) conning two different pBluescrip, KU phaecmids One 
a^.ng the w„d, yP e form of the „c, gene and the other one a mutan, of this *=„e 
with a single point mutation at bp 1 9 1 of the lad gene. 

< DM a , n „ , ^ f ° ll0Wing LCR COnditions were ««d for each reaction: 1 00 pg template 
DNA ,0.74 fmol, with 500 pg sonified salmon sperm DNA a, career. 25 ng (3.3 pmo,, of 
each , -phosphorated oligonucleotide. 20 ng (2.5 pmol) of each non-phosphorvlated 
^onucleotide 4 U Pfu DNA ligase in a final volume of 20 ul buffered bv Pfu DNA liease 
ruction buffer (Stratagene. Heidelberg. Germany,. In a model experiment' a chemical* 
synthesized ss ,0-mer was used ( 1 fmol) as template, in this case olieo C was also ' 
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b.otmylated. All reactions were performed in a thermocycler (OmniGene. MWG-Biotech 
Ebersberg. Germany) with the following program: 4 minutes 92»C. 2 minutes 60°C and ^5 
cycles of 20 seconds 92»C. 40 seconds 60»C. Except for HPLC analysis the biotinvlated" 
ligation educt C was used. In a control experiment the biotinvlated and non-biotinvlated 
oligonucleotides revealed the same gel electrophoretic results. The reactions were anal v 2ed 
on 7o% polyacrylamide gels. Ligation product 1 (oligo A and B) calculated mass: 15450 
Da. ligation product 2 (oiigo C and D) calculated mass: 15387 Da. 

SMART-HPLC 

Ion exchange HPLC (IE HPLC) was performed on the SMART-svstem 
(Pharmacia. Freiburg. Germany) using a Pharmacia Mono Q. PC 1 .6/5 cblumh. ^Eluents were 
buffer A (25 mM Tris-HCI. 1 mM EDTA and 0.3 M NaCl at pH 8.0) and buffer B (same as 
A. but 1 M NaCl). Starting with 100% A for 5 minutes at a flow rate of 50 ul/min. a gradient 
was applied from 0 to 70% B in 30 minutes, then increased to 100% B in 2 minutes and held 
at 100% B for 5 minutes. Two pooled LCR volumes (40 ul) performed with either wildtype 
or mutant template were injected. 

Sample preparation for MALDI-TOF-MS 

Preparation of immobilized DNA: For the recording of each spectrum two 
LCRs (performed as described above) were pooled and diluted 1 :1 with 2x B/W buffer (10 
mM Tris-HCI. pH 7.5. ImM EDTA. 2 M NaCl). To the samples 5 streptavidin 
DynaBeads (Dynal. Hamburg, Germany) were added, the mixture was allowed to bind with 
gentle shaking for 15 minutes at ambient temperature. The supernatant was removed using a 
Magnetic Panicle Collector. MPC. (Dynal. Hamburg. Germany) and the beads were washed 
rwice with 50 ul of 0.7 M ammonium citrate solution (pH 8.0) (the supernatant was removed 
each time using the MPC). The beads were resuspended in lul of ultrapure water (MilliQ. 
Millipore. Bedford. MA. USA). This suspension was directly used for MALDI-TOF-MS 
analysis as described below. 

Combination of ultrafiltration and streptavidin DynaBeads: For the recording 
of spectrum two LCRs (performed as described above) were pooled, diluted 1 : 1 with 2x B/W 
buffer and concentrated with a 5000 NMWL Ultrafree-MC filter unit (Millipore. Eschbom. 
Germany; according to the instructions of the manufacturer. After concentration the samples 
were washed with 300 ul Ix B/W buffer to streptavidin DynaBeads were added. The beads 
were washed once on the Ultrafree-MC filtration unit with 300 ul of Ix B/W buffer and 
processed as described above. The beads were resuspended in 30 to 50 ul of Ix B'W buffer 
and transferred in a 1.5 ml Eppendorf tube. The supernatant was removed and the beads 
were washed twice with 50 ul of 0.7 M ammonium citrate (pH 8.0). Finally, the beads were 
washed once with30 ul of acetone and resuspended in 1 ul of ultrapure water. The ligation 
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mixrure after immobilization on the beads was used for MALDS-TOF-MS analysis as 
described below. 

MALDI-TOF-MS 

A suspension of srreptavidin-coated magnetic beads with the immobilized 
DNA was pipetted onto the sample holder, then immediately mixed with 0.5 ul matrix 
solution (0.7 M 3-hydroxypicolinic acid in 50% acetonitrile. 70 mM ammonium citrate). 
This mixture was dried at ambient temperature and introduced into the mass spectrometer. 
All spectra were taken in positive ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT. Bremen. Germany), equipped with a reflectron (5 keV ion source. 20 keV 
postacceieration) and a nitrogen laser (337 run). For the analysis of Pfu DNA ligase 0.5 ul of 
the solution was mixed on the sample holder with 1 ul of matrix solution and prepared as 
described above. For the analysis of unpurified LCRs 1 ul of an LCR was mixed with 1 ul 
matrix solution. 

RESULTS AND DISCUSSION 

The £. coli lad gene served as a simple model system to investigate the 
suitability of MALDI-TOF-MS as detection method for products generated in ligase chain 
reactions. This template system consists of an Ecoli lad wildtype gene in a pBluescript KII 
phagemid and an E. coli lad gene carrying a single point mutation at bp 191 (C to T 
transition) in the same phagemid. Four different oligonucleotides were used, which were 
ligated only if the £. coli lad wildtype gene was present (Figure 26). 

LCR conditions were optimized using Pfu DNA ligase to obtain at least 1 
pmol ligation product in each positive reaction. The ligation reactions were analyzed by 
polyacrylamide gel electrophoresis (PAGE) and HPLC on the SMART system (Figures 27. 
28 and 29). Figure 27 shows a PAGE of a positive LCR with wildtype template (lane 1). a 
negative LCR with mutant template ( 1 and 2) and a negative control which contains enzyme, 
oligonucleotides and no template. The gel electrophoresis clearly shows that the ligation 
product (50bp) was produced only in the reaction with wildtype template whereas neither the 
template earn ing the point mutation nor the control reaction with salmon sperm DNA 
generated amplification products. In Figure 28. HPLC was used to analyze two pooled LCRs 
with wildtype template performed under the same conditions. The ligation product was 
clearly revealed. Figure 29 shows the results of a HPLC in which two pooled negative LCRs 
with mutant template were analyzed. These chromatograms confirm the data shown in 
Figure 27 and the results taken together clearly demonstrate, that the system generates 
ligation products in a significant amount only if the wildtype template is provided. 
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Appropriate control runs were performed to determine retention times of the 
d fferem compounds mvolved in the LCR experiments. These include the four 
ohgonucieotides (A. B. C. and D). a synthetic ds 50-mer (with the same sequence as the 
hgauon produce, the wUdtype template DNA. sonicated salmon sperm ON A and 
> DNA ligase in ligation buffer. -™ 

In order to res, which purification procedure should be used before a LCR 
»». can be a^lyzed by MALD1-TOF-MS. aliquot of an unpurified LCR (Figure 30A, 
»d allots of the enzyme stock so.ution (Figtne 30B, were ana.yzed with MALDT-TOF^ 
I, turned out that appropria* sample preparation is absolutely necessarv since all signals 

»d 1 5450 Da. respecvely. The da* in Figure 30 show mat the enzvme solution leads to 

and *e,fore makes an unambiguous signal asstgnmen, tmpossible. Funhermore. *e spec M 
^owed stgnals of the detergent Twe=n20 being part of , he ma>wt ^ 
•nfluences the crystallizauon behavior of the analytCmatrix mixture in an unfavorably. 

was show* ln ^ PlUUiCa,i0n f0,ra " ^"vidin-coated magnetic beads were used. As 
ZZTJr " ^ desoI ^ t ' on °^ DNA immobilized by Watson-Criclc 

base patnng to a complementary DNA fragment covalently bound to the beads is possible 

*. ^ - J jl2S - 13 ')- ^n is approach in using immobilized ds DNA ensures that onlv 
*e no„.b, on „yla,=d SM d will be desorbed. If non-immobilized ds DNA is analyzed both 
■randsaredesorbed(Tang.K.e..al..(l=^)^ Cowm .M 1IJ S P «c TOm 7: 183-186) 
l=ad.ng to broad signals depending on the mass difference of the two strands. Therefore 
employing this system for LCR only the non-ligated oligonucleotide A. with a calculated 

n,T "n I , ^ an<1 * e " gali0n Pr0dUCt fr ° m A oli *° 8 H*"*™* mass: 1 5450 
c^ "h ! „ ' f °' i8 ° C ^ bi0,inylatt<i « ^ and unmobilized on steptavtdin- 

coated beads. Thts result in a simple and unambiguous identification of the LCR educe and 

products. 


Figure 3 I A shows a M ALDI-TOF mass spectrum obtained from two pooled 
LCRs (performed as described above) purified on streptavidin DynaBeads and desorbed 
directly from the beads showed that the purification method used was efficient (compared 
with F,gure 30). A signal which represents the unligated oiigo A and a signal which 
corresponds to the ligation product could be detected. The agreement between the calculated 
and the experimentally found mass values is remarkable and allows an unambiguous peak 
ass.gnment and accurate detection of the ligation product. In contrast, no ligation product but 
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onJy oligo A could be detected in the spectrum obtained from two pooled LCRs with mutated 
template (Figure 3 1 B). The specificity and selectivity of the LCR conditions and the 
sensitivity of the MALDI-TOF detection is further demonstrated when performing the 
ligation reaction in the absence of a specific template. Figure 32 shows a spectrum obtained 
from two pooled LCRs in which only salmon sperm DNA was used as a negative control, 
only oligo A could be detected, as expected. 

While the results shown in Figure 3 1 A can be correlated to lane 1 of the gel in 
Figure 27. the spectrum shown in Figure 3 IB is equivalent to lane 2 in Figure 27. and finally 
also the spectrum in Figure 32 -corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC analysis presented in Figures 28 and 29. Whileboth-'gel::^' ; " r 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
equal amounts of ligation product over ligation educts. the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 31 A). 

The lower intensity of the ligation product signal could be due to different 
desorption/ionization efficiencies between 24- and a 50-mer. Since the T m value of a duplex 
with 50 compared to 24 base pairs is significantly higher, more 24-mer could be desorbed. A 
reduction in signal intensity can also result from a higher degree of fragmentation in case of 
the longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads. Figure 32 reveals 
traces of Tween20 in the region around 2000 Da. Substances with a viscous consistence, 
negatively influence the process of crystallization and therefore can be detrimental to mass 
spectrometer analysis. Tween20 and also glycerol which are pan of enzyme storage buffers 
therefore should be removed entirely prior to mass spectrometer analysis. For this reason an 
improved purification procedure which includes an additional ultrafiltration step prior to 
treatment with DynaBeads was investigated. Indeed, this sample purification resulted in a 
significant improvement of MALDI-TOF mass spectrometry performance. 

Figure 33 shows spectra obtained from two pooled positive (33A) and 
negative (33B) LCRs. respectively. The positive reaction was performed with a chemically 
synthesized, single strand 50mer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5'-biotinylated. Therefore the template was not 
detected. As expected, only the ligation product of Oligo A and B (calculated mass 15450 
Da) could be desorbed from the immobilized and ligated oligo C and D. This newly 
generated DNA fragment is represented by the mass signal of 1 5448 Da in Figure 33A. 
Compared to Figure 32A. this spectrum clearly shows that this method of sample preparation 
produces signals with improved resolution and intensity. 
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Example 7 


analysis hv MAi ni.TOF mn , s 


Swnmar\> 


The sohd-phase oligo base extension method detects point mutations and 
small deletions as well as small insertions in amplified DNA. The method is based on the 
extension of a detection pnmer that anneals adjacent to a variable nucleotide position-on an 
affimty-captured amplified template, using a DNA polymerase, a mixture of three dNTPs 
and the m.ssmg one didesoxy nucleotide. The resulting products are evaluate and resolved 
by MALDI-TOF mass spectrometry without further labeling procedures. The aim of the 
following experiment was to determine mutant and wiidtype alleles in a fast and reliable 
manner. 


Description of the experiment 

The method used a single detection primer followed bv a olieonucleotide 
extensaon step to give products differing in length by some bases specific for mutant or 
wiidtype alleles which can be easily resolved by MALDI-TOF mass spectrometry The 
method ,s described by using an example the exon 10 of the CFTR-gene. Exon 10 of this 
gene bears the most common mutation in many ethnic groups (AF508) that leads in the 
homozygous state to the clinical phenotype of cystic fibrosis. 

MATERIALS AND METHODS 
Genomic DNA 

Genomic DNA were obtained from healthy individuals, individuals 
homozygous or heterozygous for the AF508 mutation, and one individual heterozygous for 
the 1506S mutation. The wiidtype and mutant alleles were confirmed by standard Sanger 

sequencing. 

PCR amplificaiion oj exon 10 oj the CFTR gene 
The primers for PCR amplificaiion were CFExlO-F (5- 
GCAAGTGAATCCTGAGCGTG-3- (SEQ ID No. 13) located in intron 9 and biotinvlated) 
and CFExlO-R (5-GTGTGAAGGGCGTG-3\ (SEQ ID No. 14) located in intron io'). 
Primers were used in a concentration of 8 pmol. Taq-polymerase including lOx buffer were 
purchased from Boehringer-Mannheim and dTNPs were obtained from Pharmacia. The total 
reaction volume was 50 ul. Cycling conditions for PCR were initially 5 min. at 95°C. 
followed by I min. at 94°C. 45 sec at 53°C. and 30 sec at 72°C for 40 cycles with a final 
extension tim eof 5 min at 72°C. 
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Purification of the PCR products 

Amplification products were purified by using Qiagen's PCR purification kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 \x\ TE-buffer ( 1 OmM Tris. 1 mM EDTA. pH 7.5). 

Affinity-capture and denaturation of the double stranded DNA 
10 jaL aliquots of the purified PCR product were transferred to one well of a 
streptavidin-coated microtiter plate fNo. 1 645684 Boehringer-Mannheim or Noo. 95029262 
Labsystems). Subsequently. 10 ^il incubation buffer (80 mM sodium phosphate. 400 mM 
NaCL 0.4% Tween20. pH 7.5) and 30 ]xl water were added. After incubation for 1 hour at 
room temperature the wells were washed three times with 200|il washing buffer (40 mM Tris. 
1 mM EDTA. 50 mM NaCL 0.1% Tween 20. pH8.8). To denaturate the double stranded 
DNA the wells were treated with 100 \xl of a 50 mM NaOH solution for 3 min. Hence, the 
wells were washed three times with 200 jal washing buffer. 

Oligo base extension reaction 

The annealing of 25 pmol detection primer (CF508: 
5 , CTATATTCATCATAGGAAACACCA-3 f (SEQ ID No. 15) was performed in 50 »1 
annealing buffer (20 mM Tris. 10 mM KC1, 10 mM (NH^SO^ 2 mM MgSO, 1% Triton 
X-100. pH 8, 75) at 50°C for 10 min. The wells were washed three times with 200 
washing buffer and oncein 200 \xl TE buffer. The extension reaction was performed by using 
some components of the DNA sequencing kit from USB (No. 70770) and dNTPs or ddNTPs 
from Pharmacia. The total reaction volume was 45 jiL consisting of 21 \xl water. 6 jal 
Sequenase-buffer. 3 ^1 10 mM DTT solution. 4.5 \il 0.5 mM of three dNTPs. 4.5 nL 2 mM 
the missing one ddNTP. 5.5 m-1 glycerol enzyme diluton buffer. 0.25 \xl Sequenase 2.0, and 
0.25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 15 min at 
room temperature and for 5 min at 37°C. Hence, the wells were washed three times with 200 
|il washing buffer and once with 60 |il of a 70 mM NH^-Citrate solution. 

Denaturation and precipitation of the extended primer 

The extended primer was denatured in 50 |al 10%-DMSO (dimethylsufoxide) 
in water at 80°C for 10 min. For precipitation. 10 jal NH4-Acetat (pH 6.5). 0.5 p.1 glycogen 
(10 mg/ml water. Sigma No. Gl 765). and 100 ^1 absolute ethanol were added to the 
supernatant and incubated for 1 hour at room temperature. After centrifugation at 13.000 g 
for 10 min the pellet was washed in 70% ethanol and resuspended in 1 jil 18 Mohnvcm H 2 0 
water. 


Sample preparation and analysis on MALDI-TOF mass spectrometry 
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Sample preparation was Derfom,^ k, 
(0 7 M 3-hydroxvpicolinic acid. 0.07 MdZ!!l ^ " lU ^** h ° f ™* *>.u,ion 
of resuspended BttWc p, llet on , 3^,™""""'"' ' ' ' "-^^CN) and 
—P* were spotted on a probe ^ge^T T " * **■ <* » 20 

modified Thermo Bio anlsis (f0 ^ F " '"^r " in '° "■*» ° f *> 

"flectron mode wjtn 3 Md 20 fe v . ™?J™ZL ' S,0nS 2000 MALDNTOF ~ * 
Theoretical average molecular maM ^ ™ d ~™ dynode. respective,,, 
-Poned experimental Mr ^ £ - W- from atom.c composttions: 

determined using external cal ibralion e "*» of the stngly-protonated form 


RESULTS 


Tie aim of ihc expcrimem was to develnn , f 
■"dependent of exact stringencies for m .„ . 7 P ^ md reliaole "WW 
' * ^"Shput i„ the dials' ^ - - and High 

(oligo base extension of one J; ™««« > special kind of DNA sequencing 

•*e resulting mini-seoucncing products b TZZT? ^ C ° mbined "» * 
(MALM, mass 3pec mim em, {M S) T^e" T„ 

chosen as a possib,e mass ™^ ^ ?*" (T ° F > —~ was 
20 was performed with exon 10 of the CFTr' ^ """" hj '' ,0,i »= sis - examination 

vanous mutations of exon 1 0 of the CFTR-genT ™ 7 "'^ 
produced using either ddTTP (Figure 34A) or ddcW" "T"*** Were • 

sequence reiated stop fa the nascent DNA tldl J*" ^ '° inm>duC5 a defini «" 
mutation heterozygous, and m J„ Zj ^ALDI-TOF-MS spectra of healthv. 

'0 Al, samples were cl„ J d ~ ^ ~ ta " ' 

comparison ,0 me mass spec anaivsis. TheZuTv TT """^ ^ "° 
various molecular masses »-as wimfa , „„„ r "Penmenlal measurements of the 

-ge expected. Tms , a J^J^^Z^ T ** ™ "~ <°» » * 
funhcr advantage of mis procedure is W """^ * " ch A 

' - ddTTP reaction, the JLpe^^T" " "* 41507 ™' 

■hree base patr deletion would* disced """" " ""^ reaC " 0 " ,he 

The method described is hiehiv suif^hi.. r„ u ^ 
«-*» or mtcrolesions of DNA. C^tlT^ ^ POim 

choice of the mutation detection primers will 
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open the window of multiplexing and lead to a hxgh throughput including high quality in 
geneuc d.agnosis without any need for exact stringencies necessary in comparable alTele- 
specxfic procedures. Because of the uniqueness of the genetic information, the oiigo base 
e«e„ slo „ of mutauon detection primer is appHcable in each disease gene or po.vmorphic 
rcg on m the genome like, variable number of tandem repeats (VNTR) or otiTs'inale 
nucleotide polymorphisms (e.g.. apolipoprotein E gene). 

Example 8: Detection of Polymerase Chain Reaction Products Containing 7- 

Deazapurine Moieties with Matrix-Assisted Laser Desorption/Ionization 

Time-of-Flight (MALDI-TOF) Mass Spectrometrv 

I ...... 

MATERIALS AND METHODS 
PCR amplifications 

The following oligodeoxynucleotide primers were ekher synthesized 

ztTi^r^r*** chen,istty <sinta - nd - =■ (i983 > ^ 

J,,,: PP w 5843 - 5846: Slnha - " « * ■ 09*4) Nucleic Adds Res.. Vol. 12. Pp. 4539- 
45 7) on a M.lliGen 7500 DNA synmesizer (MilHpore. Bedford. MA. USA) in nmo, 
scales or purchased &ora M WG-Bio,ech (Ebersberg. Germany, primer 35 and Biomcra 
(Ooetungen. Germany, primers 6-7). 

primer 1 : 5'-GTCACCCTCGACCTGCAG (SEQ. ID. NO 16)- 

pnmer2: 5'-TTGTAAAACGACGGCCAGT (SEQ. ID NO 1 7)- 

pnmer 3: 5-CTTCCACCGCGATGTTGA (SEQ. ID. NO 18)- 

pnmer 4: 5'-C AGGAAACAGCTATGAC (SEQ. ID. NO. 1 9)- 

primer 5: 5-GTAAAACGACGGCCAGT (SEQ. ID NO 20)- 

primer 6: 5'-GTCACCCTCGACCTGCA g C (g: RiboG) (SEQ ID NO 

pnmer 7: f-CTTCTAAAACGAGGGCCAgT (g: RiboG) (SEQ. ID. NO. 22); 

The 99-mer and 200-mer DNA strands (modified and unmodified) as well as 
the nbo- and 7-deaza-modified 1 00-mer were amplified from pRFcl DNA ( 1 0 ne, generouslv 
supplied S. Feyerabend. Univershy of Hamburg) in 100 uL reaction volume coniming 10 ' 
mmol/L KCL 10 mmol/L (NH 4 ) 2 S0 4 . 20 mmol/L Tris HC1 (pH = 8.8). 2 mmol/L MgS0 4 
W-iPseudococcusMiosus (Pfu, -Buffer. Pharmacia. Freiburg. Germanv). 0.2 mmol/L 
each dNTP (Pharmacia. Freiburg. Germany). 1 um0 l/L of each primer and 1 unit of exo<-)/>> 
DNA polymerase (Stratagene. Heidelberg. Germany). 
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«i 7j v_ ror i mm., anneahne at 51°r for i r«;« j 
.xtens.cn at 72X for . min. For a!l PCRs the number of J c ' "* 

reactton was allowed „ exrcnd for additional ,0 m,n. a, 7TC after *e ,as7ctct 

"siog primers 4 «*,.,, other concent were ^ "a rl """" ^ 

using the cvcie: denaturation a, M-c for , min ^" ^7 "T^ 

at 7->o r r* | CUJin 8 ai 4U <~ ror 1 mm. and extension 

nter respectively, the samples were incubated for additional 1 0 min. a. 72-C. 

Synthesis of i'-l^-Pl-labeled PCR.pri„„s 

(Epicentre TellT" T ^'^^ -I*** T4-pol y „ucleotidl t inase 

o uT^oI I 8 '"' . ^- fhATF - <^U/NGO/502A. Dupon, Germanv, according 
» U« P „,e^lsof *e manufac^rer. The reactions were performed substituting Lot 
pm. I and u ,n PCR with the labeled primers »der otherwise unchanged reaction- 
cond. uo „, T*c amp.ified DMAs were separated bv ge, electrophoresis on a ,«* 

r^ToTr 6 8C ' The , i ' PPr0priatt ^ "« -d counted on a Packard TPJ- 

v-AKjj 460C hquid scintillation system (Packard. CT. USA). 

Priwr-cleavagefromribo-modifiedPCR-product 

NMWn • ^ amPUfied PUrifiCd ^ Ultra fr^MC filter units (30.000 

NMWL). u was then redissolved in 1 00 .1 of 0.2 mol/L NaOH and heated at 95°C for 25 

Mrnr TOP 301 ? 10 " W35 then acidified HC . (I mol/L) and further purified for 
MALDI-TOF analysis employing Ultrafree-MC filter unus , 1 0.000 NMWL , as described 

Purification of PCR products 

MiVyfu/T ,w„ S3mPleS WCre PUrified ^ concentraled "s»>g Ultrafree-MC units 30000 
NMWL (Milhpore. Eschbom. Germany, according to the manufacturer's desenption. After 
l.vopruhsation. PCR products were redissolved in 5 uL (3 uL for the 200-mer, of ultrapure 
water. This analyte solution was directly used for MALDI-TOF measurements 


MALDI-TOF MS 
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, All <* uots of 0 5 ^ of analyte solution and 0.5 uL of matrix solution (0 7 

mol/L o-HPA and 0.07 mol/L ammonium citrate m acetonitrile/water ( 1 : 1 . v/v » were mixed 
on a flat metallic sample support. After drying at ambient temperature the sample was 
mtroduced mto the mass spectrometer for analysis. The MALDI-TOF mass spectrometer 
used was a Finnigan MAT Vision 2000 (Finnigan MAT. Bremen. Germanv). Spectra were 
recorded ,n the positive ion reflector mode with a 5 keV ion source and VkeV 
postacceleration. The instrument was equipped with a nitrogen laser (337 nm waveleneth) 
Tne vacuum of the system was 3-4.,0'S hPa in the analyzer region and 1-4.10-7 hPa fn the 
source region. Spectra of modified and unmodified DNA samples were obtained with the 
same relative laser power: external calibration was performed with a mixture of svnthetic 
ohgodeoxynucleotides (7-to50-mer). 

RESULTS AND DISCUSSION 

Enzymatic synthesis of 7-deazapurine nucleotide containing nucleic 
acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid gel- 
free analysis of short PCR products and to investigate the effect of 7-deazapurine 
modification of nucleic acids under MALDI-TOF conditions, two different primer-template 
systems were used to synthesize DNA fragments. Sequences are displayed in Figures 36 and 
*7. While the two single strands of the 103-mer PCR product had neaVlv equal masses (Am= 
8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7-deaza purine nucleotide building blocks for chemical DNA 
synthesis are approximately 160 times more expensive than regular ones (Product 
Information. Glen Research Corporation. Sterling. V A ) and their application in standard fi- 
cyano-phosphoamidite chemistry is not trivial (Product Information. Glen Research 
Corporation. Sterling. VA; Schneider . K and B.T. Chait ( 1995) Nucleic Acids Res.23. 1570) 
the cost of 7-deaza purine modified primers would be very high. Therefore, to increase the 
appi.cab.lity and scope of the method, all PCRs were performed using unmodified 
oligonucleotide primers which are routinely available. Substituting dATP and dGTP bv c"- 
dATP and c'-dGTP in polymerase chain reaction led to products containing approximately 
80% 7-deaza-purine modified nucleosides for the 99-mer and 103-mer: and about 90% for the 
200-mer. respectively. Table I shows the base composition of all PCR products. 
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TABLE I: 

Base composition of the 99-mer, 103-mer and 200-mer PCR amplification products 
(unmodified and 7-deaza purine modified) 


DNA- fragments' 

C 

T 

A 

G 

200-mcrs 

54 

34 

56 

56 

modified 200-mer s 

54 

34 

6 

5 

200-mer a 

56 

56 

34 

54 

modified 200-mer a 

56 

56 

3 

4 

103-mer s 

28 

23 

24 

28 

modified 103-mer s 

28 

23 

6 

5 

103-mer a 

28 

24 

23 

28 

modified 103-mer a 

28 

24 

7 

4 

99-mer s 

34 

21 

24 

20 

modified 99-mer s 

34 

21 

6 

5 

99-mer a 

20 

24 

21 

34 

modified 99-mer a 

20 

24 

3 

4 


c 7 -deaza-A c 7 -dcaza-C rci. modificarmn^ 


50 


51 


50 


18 


16 


18 


18 


24 


15 


j „ „ to 30 87% 

s and "a" describe "sense" and "antisense" strands of the double-stranded PCR product 
mdicates relative modification as percentage of 7-deaza purine modified nucleotides of total 
amouni of purine nucleotides. 

However, it remained to be determined whether 80-90% 7-deaza-purine 
modification is sufficient for accurate mass spectrometer detection. It was therefore 
important to determine whether all purine nucleotides could be substituted during the 
enzymatic amplification step. This was not trivial since it had been shown that c^-dATP 
cannot fully replace dATP in PCR if Tag DNA polymerase is employed (Seela. F and A 
Roelling (1992) Nucleic Acids Res.. 20.55-61). Fortunately we found that exo(-)/>> DNA 
polymerase indeed could accept c'-dATP and C 7-dGTP in the absence of unmodified purine 
triphosphates. However, the incorporation was less efficient leading to a lower vield of PCR 
product (F.gure 38). Ethidium-bromide stains by intercalation with the stacked bases of the 
DNA-doublestrand. Therefore lower band intensities in the ethidium-bromide stained gel 
might be artifacts since the modified DNA-strands do not necessarily need to give the same 
band intensities as the unmodified ones. 


90% 


92% 


79% 


78% 


75% 


87% 


To verify these results, the PCRs with [32 P ].| a beled primers were repeated. 
The autoradiogram (Figure 39) clearly shows lower yields for the modified PCR-products. 
The bands were excised from the gel and counted; For all PCR products the vield of the 
modified nucleic acids was about' 50%. referring to the correspond^ unmodified 
amplification product. Further experiments showed that exo(-)Deepl<'em and Vent DNA 
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10 


15 


polymerase were able to incorporate c 7 -dATP a „H „7 ^-r n ■ 

performance, hoover. tumed Tu, to be t f^Z^Z P ? " We "- ^ ~" " 
side products during amplification. Using all „W „ , P°'ymerase giving least 

employing c'-dATP and c^dGTP JH^- * «- *« «h PCRs 

a dean., PCR-produc, 0^^^^ ^ 
explained bv a reduction of nri m ~ . ampuficanon s.de products mav be 

formed from 0,= tZZZZZZZZ f " ' ""^ ° f ^ C ° mP '~ 

PCR. Decreased meUing d Na ~" S " *** ** "" totod 

been described (Mizusawa. s e" (1 Z»T, ^""^ '^-purine have 

polymerase and exo(-) iPfut ijNA nnlvm VT^ Vera DNA polymerase. Ven: DNA 

- *= U, KlenoJ ££^tEET ',' " ^ PO'V-rases, such 

and U AmpliTao DNA 1^1^ ^ S ~ ^ ^ 

RNA polymerases, such as the SP6 or th^A 2 " *" 

me 1 1 K_[N A polymerase, must be used 


20 TOFMS. Base?rp^^r;T d2 T mCTPCR ^ UCB ^^^^'- 
- .aser energy *" ^ »"^cn depends o„ 

^purine modifica.tntfi! ° f "« ■«« the influence of 7- 

(M+H)~ signal. The maximum of me peax i^T, ^""""n — * *-* 
■ — -presems a mean value of (M^m^L, ^ '°™- - assigned 
the (M+HV signal itself *„„ * k * ^ S,8nalS of Segmented ions, rather man 

* from the o igoll^e nltrs" t T" ""- mer ~ *° U ' A - « 

calculated mass is strongly reduced although it is still h-i .i. , 

unmodified sample a (M-H)""" signal of 3 l«n ! ^ F ° f ' he 

» difference to Re calculated e "^"^T' "* " " " °' 3% 

diminished ,.,,„„„, , 03% „ , 7^^^ ^' "t — 
verified bv a <;,o„;fi,.,.., -"'--> u calculated). These observations are 

St™*! lz t ,n ,rr rcso,u<ion ° f ^ <M+H) * ° f *< ««• -™ ■ 
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maximum, fwhm). Because of the low mass difference between the two single strands (8 u) 
their individual signals were not resolved. 

With the results of the 99 base pair DNA fragments the effects of increased 
mass resolution for 7-deazapurine containing DNA becomes even more evident. The two 
single strands in the unmodified sample were not resolved even though the mass difference 
between the two strands of the PCR product was very high with 526 u due to unequal 
distribution of purines and pyrimidines (figure 41a). In contrast to this, the modified DNA 
showed distinct peaks for the two single strands (figure 41b) which makes the superiority of 
this approach for the determination of molecular weights to gel electrophoretic methods even 
more profound. Although base line resolution was not obtained the individual masses were 
abled to be assigned with an accuracy of 0.1%; Am = 27 u for the lighter (calc. mass = 30224 
u) and Am = 14 u for the heavier strand (calc. mass = 30750 u). Again, it was found that the 
full width at half maximum was substantially decreased for the 7-deazapurine containing 
sample. 

In case of both the 99-mer and 103-mer the 7-deazapurine containing nucleic 
acids seem to give higher sensitivity despite the fact that they still contain about 20% 
unmodified purine nucleotides. To get comparable signal-to-noise ratio at similar intensities 
for the (M+H)+ signals, the unmodified 99-mer required 20 laser shots in contrast to 12 for 
the modified one and the 103-mer required 12 shots for the unmodified sample as opposed to 
three for the 7-deazapurine nucleoside-containing PCR product. 

Comparing the spectra of the modified and unmodified 200-mer amplicons. 
improved mass resolution was again found for the 7-deazapurine containing sample as well 
as increased signal intensities (figures 42a and 42b). While the signal of the single strands 
predominates in the spectrum of the modified sample the DNA-suplex and dimers of the 
single strands gave the strongest signal for the unmodified sample. 

A complete 7-deaza purine modification of nucleic acids may be achieved 
either using modified primers in PCR or cleaving the unmodified primers from the partially 
modified PCR product. Since disadvantages are associated with modified primers, as 
described above, a 1 00-mer was synthesized using primers with a ribo-modification. The 
primers were cleaved hydrolytically with NaOH according to a method developed earlier in 
our laboratory (Koester. H. et al.. Z PhysioL Chem.. 359. 1570-1589). Figures 10a and 10b 
display the spectra of the PCR product before and after primer cleavage. Figure 10b shows 
that the hydrolysis was successful: Both hydrolyzed PCR product as well as the two released 
primers could be detected together with a small signal from residual uncleaved 1 00-mer. 
This procedure is especially useful for the MALDI-TOF analysis of very short PCR-products 
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since the share of unmodified purines originating from the primer increases with decreasing 
length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability and/or 
a lower denaturation energy of the double stranded purine modified nucleic acid. The 
exchange of the N-7 for a methine group results in the loss of one acceptor for a hvdrogen 
bond which influences the ability of the nucleic acid to form secondary structures due to non- 
Watson-Crick base pairing (Seeia. F. and A. Kehne (1987) Biochemists. 26. 2232-2238.) 
which should be a reason for better desorption during the MALDI process. In addition to this 
the aromatic system of 7-deazapurine has a lower electron density that weakens Watson- 
Cnck base pairing resulting in a decreased melting point (Mizusawa. S. et al.. (1986) Nucleic 
Acids Res.. 14. 13 19-1324) of the double-strand. This effect may decrease the energy needed 
for denaturation of the duplex in the MALDI process. These aspects as well as the loss of a 
site which probably will carry a positive charge on the N-7 nitrogen renders the 7- 
deazapurine modified nucleic acid less polar and may promote the effectiveness of 
desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in 7-deazapurine nucleosides depurination following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct correlation 
of reactions in solution and in the gas phase is problematic. less fragmentation due to 
depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which decreases the total vield of 
charged species or it may produce charged fragmentation products which decreases the 
intensity of the non fragmented molecular ion signal. 

The observation of both increased sensitivity and decreased peak tailing of the 
(M+Hr signals on the lower mass side due to decreased fragmentation of the 7-deazapurine 
containing samples indicate that the N-7 atom indeed is essential for the mechanism of 
depurination in the MALDI-TOF process. In conclusion. 7-deazapurine containing nucleic 
acids show distinctly increased ion-stability and sensitivity under MALDI-TOF conditions 
and therefore provide for higher mass accuracy and mass resolution- 
Example 9: Solid State Sequencing and Mass Spectrometer Detection 


MATERIALS AND METHODS 
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O hgonucleotides were purchased from Operon Technologies (Alameda. CA) 
«n an unpunfied form. Sequencing reactions were performed on a solid surface usmg 
reagents from the sequencing kit for Sequenase Vers.on 2.0 (Amersham. Arlington Heights. 

Seouenrimp q 1Q- V er tnr* n 
Sequencing complex: 

5--TCTGGCCTGGTGCAGGGCCTATTGTAGTTGTGACGTACA-(Ab) a .3- 
(DNAl 1683) (SEQ. ID. No. 23) 

(PNA 1 6/DNA) 3TCAACACTOCATGT.5- 

(SEQ. ID. No. 24) 

In order to perform solid-state DNA sequencing, template strand DNAl 1683 
was o -b.otmylated by terminal deoxynucieotidyl transferase. A 30 ul reaction, containing 60 
pmol of DNAl 1683, 1.3 ntnol of biocin 14-dATP (GIBCO BRL. Grand Island. NY), 30 units 
of termmai transferase (Amersham, Arlington Heights. Illinois), and 1 x reaction buffer 
(supphed with enzyme), was incubated at 37»C for 1 hour. The reaction was stopped bv heat 
macuvation of the terminal transferase at 70°C for 10 min. The resulting product was " 
desalted by passing through a TE-10 spin column (Clonetech). More than one molecules of 
bKmn-14-dATP could be added to the 3'-end of DNA11683. The biotinvlated DNAl 1683 
was incubated with 0.3 mg of Dynal streptavidin beads in 30 ul l x bindmg and washing 
buffer at ambient temperature for 30 min. The beads were washed twice with TE an* 
red.ssolved in 30 pi TE. 1 0 ui aliquot (containing 0. 1 mg of beads) was used for sequence 
reactions. 


The 0.1 mg beads from previous step were resuspended in a lOul volume 
containing 2 ul of Sx Sequenase buffer (200 mM Tris-HCl. pH 7.5. 100 mM M g C12 and -50 
mM NaCl) from the Sequenase kit and 5 pmol of corresponds pnmer PNA 1 6/DNA The 
annealmg rmxture was heated to 70»C and allowed to cool slowlv to room temperature over a 
-O-.O mm ume period. Then I ul 0. 1 M dithiothreitol solution. 1 ul Mn buffer (0 15 M 
sodium .socitrate and 0.1 M McCl2). and 2 ul of diluted Sequenase (3.25 units) were added 
The reaction rmxture was divided into four aliquots of 3 ul each and mixed with termination 
mixes (each consists of 3 ul of the appropriate termination mix: 32 uM c7dATP 3"> uM 
dCTP. 32 uM c7dGTP. 32 uM dTTP and 3.2 uM of one of the four ddTNPs. in 50 mM 
NaCl). The reaction mixtures were incubated at 37°C for 2 min. After the completion of 
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extension, the beads were precipitated and the supernatant was removed The bead 
washed twice and suspended in TE and kept at 4»C. ^ 

Sequencing a ?R. m „ rfrm 

5 

Sequencing complex: 

5-AAGATCTGACCAGGCATTCGGTTAGCGTGACTGCTOCTGCTGCTOCTGCTGC 
■0 ™,P LA S M r ^—^CAGArCTGG^, 

N0. 26) ^ACTAGGCTGCGTAGTCV (CMOCSEQ.TD. 

^ Sequencing complex: 

^•-F-G ATGATCCGACGC ATCACAGCTC3' (SEQ. ID No ^7) 

' - l ^TACTAGGCTGCGTAGTGTCGAGAACCTTGGCT3' ; (S EQ. ,D. No. 28) 

twice wun TE and redisso ved n 30 ul TE I0or9n..ui;„ • • 

head* r ~ • ■ ° r 20 Ml ali q u °t (containing 0. 1 or 0.2 me of 

beads respectively) was used for sequencing reactions. 

^ dUP,CX ^ f0m,ed b> ' a ™ ,ea,ing """"Ponding aliquot of beads from 
P ev.ous step w,* ,0 pmol of DPI la5F (or 20 pmo. of DPI laiF for 0 2 m g of beads)Ta 9 
^ vo ^ c ing , ^ of 5x Sequenase ^ (2oQ ^ ^ bea^ in 

«C ^d a r d ^ NaC ° fr ° m ^ kil " ^ ™^ --re was heated to 65 

C and anowed to coo, slow, y to 37 o C over a 20 . 30 min t , me ^ ^ dupJex °^ 

10 pmo1 °/ tsi ° (2 ° pmo ' ° f tsi ° f ° r °- 2 m * ° f - ■ * - 

mc resulting mixture was further incubated at -?7»r r„, * 

min tv unncr mcuoated at j7 C for 3 mm. room temperature for 5- 1 0 

0 M M„C f J " f^" S °' U,i0n - ' ^ M " bUff " (0 ' ' 5 M ™< - 

0.1 MM„CN>.and2 Ml ofd ll u I edSe q „ erase( 3.2 ilmj[slW e readded . The rcacion mi xrur= 
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was d,v,ded into four aliquots of 3 ul each and mixed with termination mixes (each consists 
of 4 nl of the appropriate termination mix: 16 uM dATP. 16 uM dCTP. 16 uM dGTP 16 a 
M dTTP and 1 .6 uM of one of the four ddNTPs. in 50 mM NaCl). The reaction mixtures 
were mcubated at room temperature for 5 min. and 37°C for 5 min. After the completion of 
extens.on. the beads were precipitated and the supernatant was removed. The beads were 
resuspended in 20 ul TE and kept at 4-C. An aliquot of 2 ul (out of 20 ul) from each tube 
was taken and mixed with 8 .1 of formamide. the resulting samples were denatured at 90-95° 
C for , mm and 2 ul (out of 10 ^1 total) was applied to an ALF DNA sequencer (Pharmacia. 
Piscataway. NJ) using a 10% polyacrylamide gel containing 7 M urea and 0.6x TBE. The 
remaining aliquot was used for MALDI-TOFMS analysis. 

MALDI sample preparation and instrumentation 

Before MALDI analysis, the sequencing ladder loaded magnetic beads were 

washed tw,ce using 50 mM ammonium citrate and resuspended in 0.5 ul pure water The 

suspension was then loaded onto the sample target of the mass spectrometer and 0 5 ul of 

saturated matrix solution (3-hydropicolinic acid (HPA): ammonium citrate = 1 0: 1 mole ratio 

m 500/0 aceto *i^> added. The mixture was allowed to dry prior to mass spectometer 
analysis. 

The reflectron TOFMS mass spectrometer (Vision 2000, Finnigan MAT 
Bremen. Germany) was used for analysis. 5 kV was applied in the ion source and 20 kV was 
apphed for postacceleration. All spectra were taken in the positive ion mode and a nitrogen 
laser was used. Normally, each spectrum was averaged for more than 100 shots and a 
standard 25-poim smoothing was applied. 

RESULTS AND DISCUSSIONS 

Conventional solid-state sequencing 

In conventional sequencing methods, a primer is directly annealed to the 
template and then extended and terminated in a Sanger dideoxy sequencing. Normally, a 
biotinylated primer is used and the sequencing ladders are captured by streptavidin-coated 
magnetic beads. After washing, the products are eluted from the beads using EDTA and 
formamide. However, our previous findings indicated that only the annealed strand of a 
duplex is desorbed and the immobilized strand remains on the beads. Therefore, it is 
advantageous to immobilize the template and anneal the primer. After the sequencing 
reaction and washing, the beads with the immobilized template and annealed sequencing 
ladder can be loaded directly onto the mass spectrometer target and mix with matrix. In 
MALDI. only the annealed sequencing ladder will be desorbed and ionized, and the 
immobilized template will remain on the target. 
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A 39-mer template (SEQ. ID. No. 23) was first biotinvlated at the 3' end by 
adding biotin-14-dATP with terminal transferase. More than one biotin-14-dATP molecule 
couid be added by the enzyme. However, since the template was immobilized and remained 
on the beads during MALDI. the number of biotin- 1 4-dATP would not affect the mass 
spectra. A 1 4-mer primer (SEQ. ID. No. 29) was used for the solid-state sequencing. 
MALDI-TOF mass spectra of the four sequencing ladders are shown i n Figure 34 and the 
expected theoretical values are shown in Table II. 


Table II 

A-reacxion C-reaciion G-rcaction T-reaction 


5-TCTGGCCTGCTGCAGGGCCTATTGTAGTTGTGACGTACA-<A b ) n -3 

3'.TCAACACTGCATGT-5* 4223.8 4223.8 4223.8 

3'-ATCAACACTGCATGT-5' 452 ! .0 
3--CATCAACACTGCATGT-5' 48 J 0.2 

3*-ACATCAACACTGCATGT-5* 5 1 23.4 
3-AACATCAACACTGCATGT-5" 5436.6 
3'-TAACATCAACACTGCATGT-5 f 
3 -ATAACATCAACACTGCATGT-5' 6054.0 
3M3ATAACATCAACACTGCATGT-5' 6383 2 

3-GGATAACATCAACACTGCATGT-5' 67 | 2 . 4 
S'-CGGATAACATCAACACTGCATGT-S* 700 1.6 

3^CCGGATAACATCAACACTGCATGT-5' 7290.8 
3'-CCCGGATAACATCAACACTGCATGT-5' 7580.0 
3*-TCCCGGATAACATCAACACTGCATGT-5* 
3'-GTCCCGGaTAACATCAACACTGCATGT*5* 82J3.4 
3--CGTCCCGGATAACATCAACACTCCATCT-5' 8502.6 
3--ACGTCCCGGATAACATCAACACTGCATGT-5' 8815.8 
3--CACGTCCCGGATAACATCAACACTGCATGT.5' 9105.0 
3-CCACGTCCCGGATAACATCAACACTGCATGT-5- 9394.2 
3'-ACCACGTCCCGGATAACATCAACACTGCaTGT-5' 9707.4 
3-GACCACGTCCCGGATAACATCAACACTGCATGT-5' 10036.6 
3"-GGACCACGTCCCGGATAACATCAACACTGCATGT-5* 10365.8 
3'-CGGaCCACGTCCCGGaTAACATCAACACTGCaTGT-5' 10655.0 
3'-CCGGACCACGTCCCGGATAACATCAACACTGCATGT.5- 10944.2 
3*-ACCGGaCCACGTCCCGGaTAACATCAACaCTGCATGT-5' I 1 257.4 
3-GACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5* 11586.6 
3-AG ACCGG ACCACGTCCCGGATAACATCAACACTGCATGT-5- M 899.8 


4223.8 


5740.8 


7884.2 
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The sequencing reaction produced a relatively homogenous ladder, and the 
full-length sequence was determined easily. One peak around 5150 appeared in all reactions 
are not identified. A possible explanation is that a small portion of the template formed some 
kind of secondary structure, such as a loop, which hindered sequenase extension. Mis- 
mcorporation is of minor importance, since the intensity of these peaks were much lower than 
that of the sequencing ladders. Although 7-deaza purines were used in the sequencine 
reaction, which could stabilize the N-glycosidic bond and prevent depurination. minor base 
losses were still observed since the primer was not substituted bv 7-deazapurines. The full 
length ladder, with a ddA at the 3' end. appeared in the A reaction with an apparent mass of 
M899.8. However, a more intense peak of 122 appeared in all four reactions and is likelv 
due to an addition of an extra nucleotide by the Sequenase enzyme. 

The same technique could be used to sequence longer DNA fragments. A 78- 
mer template containing a CTG repeat (SEQ. ID. No. 25) was 3'-biotinyiated by adding 
biotin-14-dATP with terminal transferase. An 18-mer primer (SEQ. ID. No. 26) was 
annealed right outside the CTG repeat so that the repeat could be sequenced immediately 
after primer extension. The four reactions were washed and analyzed by MALDI-TOFMS as 
usual. An example of the G-reaction is shown in-Figure 35 and the expected sequencing 
ladder is shown in Table III with theoretical mass values for each ladder component. All 
sequencing peaks were well resolved except the last component (theoretical value 20577.4) 
was indistinguishable from the background. Two neighboring sequencing peaks (a 62-mer 
and a 63-mer) were also separated indicating that such sequencing analysis could be 
applicable to longer templates. Again, an addition of an extra nucleotide by the Sequenase 
enzyme was observed in this spectrum. This addition is not template specific and appeared in 
all four reactions which makes it easy to be identified. Compared to the primer peak, the 
sequencing peaks were at much lower intensity in the long template case. Further 
optimization of the sequencing reaction may be required. 
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Stmtncinr mm? rimlrr PNA rrnhr, f v r m .„ rim ^ r - mi[ 

Duplex DNApro^swirtsingie-sranded ov erh a« e have becndemonstraKd.., 
3 be ab,e » capture specific DNA templates ^ also serve « primm for solj J^e " 

ZTT ! " ^ FigUrC 46 ' S,aCkin » ■"■"«*» >«— a duplex 

£ vTrf Kmp,aM ^ ° oiy 5 - baM ~ 10 "< «"*« <* 

captunng. Based on t„,s format, a 5' fluorescent-labeled 23-mer (5'-GAT GAT CCG »rr 

. ATG CGT r£ ^ <SE0 - N °' 29> - <° ' ^ "°GTG 

» ^ ^TCGGATCATCXSEQ ID No JOUeavinga^-baseoverhan, A .5 mer 
■emplate W -TCG GTT CCA AGA GCT) ,SEQ ID. No! 31, was 

~qu.nc.ng reaction were performed by extension of 4. 5-base overhang MALdItcT 
mass spectra of .he reasons are shown .n Figure 47A-D. Ail sequencing pe^ weL 

f, : add. U o„ of one nuclide ,o the run ,en gt h ex.er.ion produc. by the Seouenase 

7ZT n COmPanSOn ' Pr0dUCtS ~ Cre "» « * DNA sequencer and 

a staclcng fluorogram of .he result is shown i„ Figure 48 . As ca „ Me „ from 

*« -ass specoa had the same pattern as the fluorogram with sequencing peaks a, ml hTwer 
intensity compared to the 23-mer primer. - 

potentiallv be Smpl ' <* rtbu f " can * ■»■* homogenous and signal intensitv could 
— 1 h 77, X ' mplemen,fa « *= «al technique, .n practice, the 

*» can be loaded on smal! pits with square openings of ,00 urn size. The beads used in 
*e so l.d-s a ,e sequencing is less than ,0 urn in diameter, so they should ft well in the 
m. crohter v.als. Microcystis of matrix and DNA containmg "sweet spots" wi„ be confined 
u. the * ,ai. S.nce the laser spot s.ze is about 1 00 urn in diameter, it will cover the entire 
opemng of the v.al. Therefore, searching for swee, spots wi.l be unnecessarv and htgn 
repet„,o„-ra« laser ,e.g. > 1 0Hz, can be used for acquiring spec™. An earlier report has 
shown tha, tms device is capable of increasing the detection sensittvirv of peptides and 
protems by several orders of magnitude compared to conventional MALDI sample 
preparation technique. 

Resolution of MALDI on DNA needs to be further improved in order to 
extend the sequencing range beyond 100 bases. Currently, using S-HPA/amrnomum citrate 
as matrix and a reflectron TOF mass spectrometer with 5kV ion source and ^0 kV 

CF C ^i° n : lh ! reS ° ,UUOn ° f rU "- thr ° Ugh ^ 10 FigUre 33 a3 - m ~> * i«« than 
-00 f FWHM, whtch is enough for sequence determination in this case. This resoluuon is 
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also the highest reported for MALDI desorbed DNA ions above the 70-mer range. Use of the 
delayed extraction technique may further enhance resolution. 

All of the above-cited references and publications are hereby incorporated by 

5 reference. 

Equivalent 

Those skilled in the an will recognize, or be able to ascertain using no more 
than routine experimentation, numerous equivalents to the specific procedures described 
1 0 herein. , Such equivalents are considered to be within the scope of this invention and are 
covered by the following claims. — 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: t 

a) obtaining a nucleic acid molecule from a biological sample; 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule; 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
molecule and removing unhybridized detector oligonucleotide; 

d) ionizing and yolatizing the product of step c); and ; ■■x>^-r>*^r- ) *''\:ri 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

2. A process of claim 1. wherein step b). immobilization is accomplished by 
hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1. wherein step b). immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4. A process of claim L wherein prior to step b). the target nucleic acid 
sequence is amplified. 

5. A process of 'claim 4. wherein the target nucleic acid sequence is.amplified 
by an amplification procedure selected from the group consisting of: cloning, transcription 
based amplification, the polymerase chain reaction f PCR). the ligase chain reaction (LCR). 
and strand displacement amplification (SDA). 

6. A process of claim 1. wherein the solid support is selected from the group 
consisting of: beads, flat surfaces, pins, combs and wafers. 

7. A process of claim 6. wherein step b). immobilization is accomplished by 
hybridization between an array of complementary capture nucleic acid molecules, which have 
been previously immobilized to a solid support, and a portion of the nucleic acid molecule, 
which is distinct from the target nucleic acid sequence. 
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8. A process of claim 7. wherein the complementary capture nucleic acid 
molecules are oligonucleotides or oligonucleotide mimetics. 


9. A process of claim 1. wherein the immobil 


izauon is reversible. 


10. A process of claim 1 wherein the mass spectrometer is selected from the 
group conning of: Matrix-Assisted Laser Desorption/Ionization Time-of-F.ight (MALDI- 
TOF). Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
U combinations thereof. 


11. A process of claim 1. wherein prior to step d). the sample is conditioned. 

12. A process of claim 11. wherein the sample is conditioned bv mass 
differentiating at least two detector oligonucleotides or oligonucleotide mimeucs to detect 
and distinguish at least two target nucleic acid sequences simultaneously. 

13. A process of claim 12. wherein the mass differentiation is achieved bv 
differences ,n the length or sequence of the at least two oligonucleotides. 

14. A process of claim 12. wherein the mass differentiation is achieved bv the 
•ntroducnon of mass modifying functionalities in the base, sugar or phosphate moierv of the 
detector oligonucleotides. 

- ,5 " A process ofc laim therein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 

1 6. A process of claim 1 . wherein the nucleic acid molecule obtained from a 
b.olog,cal sample is replicated into DNA using mass modified deoxvnucleoside triphosphates 
and RNA dependent DNA polymerase prior to mass spectrometry detection. 

1 7. A process of claim I. wherein the nucleic acid molecule obtained from a 
b.olog.cal sample is replicated into RNA using mass modified ribonucleoside triphosphates 
and DNA dependent RNA polymerase prior to mass spectrometry detection. 

18. A process of claim 1 wherein the target nucleic acid sequence is a DNA 
fingerprint or is implicated in a disease or condition selected from the group consisiing of a 
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genetic ^ a chromosomal abnonnality . a genetic predisposition a ^ . n 
fungal infection- a bacterial infection and a protist infection. 

19. A process for detecting a target nucleic acid sequence present in a 
Biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample: 

b) amplifying the target nucleic acid sequence using an appropriate 
amplification procedure, thereby obtaining an amplified target nucleic acid 
sequence. 

c) hybridizing a detector oligonucleotide with the nucleic acid molecule and 
removing unhybridized detector olieonucleotide- 

d) ionizing and volatizing the product of step c): and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the tareet 
nucleic acid sequence in the biological sample. 

20 - A process of claim 19, wherein the target nucleic acid is amplified by an 
amn ion procedure selected from the group consisting of: cloning, transcription based 
amphficanon. the polymerase chain reaction (PGR), the ligase chain reaction (LCR). and 
strand displacement amplification (SDA). 

21. A process of claim 19. wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/Ionization. Time-of-Flight (MALDI- 
TOF). Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
combinations thereof. 

22. A process of claim 1 9. wherein prior to step d). the sample is conditioned. 

23. A process of claim 22. wherein the sample is conditioned bv mass 

differentiation. 

24. A process of claim 23. wherein the mass differentiation is achieved bv 
mass modifying functionalities attached to primers used for amplification. 

25. A process of claim 23. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 
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26. A process of claim 19. wherein the nucleic acid molecule is DNA. 

27. A process of claim 19. wherein the nucleic acid molecule is RNa. 

28. A process of claim 1 9. wherein prior to step d). amplified target nucleic 
acid sequences are immobilized onto a solid support to produce immobilized tareet nucleic 
acid sequences. 

29 - ^ process of claim 28. wherein immobilization is accomplished bv 
hybndizat.on between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and the target nucleic acid sequence. 

30. A process of claim 28. wherein the solid support is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 


3 1 . A process of claim 28. wherein the immobilization is reversible. 

32. A process of claim 19 wherein the target nucleic acid sequence is a DNA 
fmgerpnnt or ,s a disease or condition selected from the group consisting of a genetic disease 
a chromosomal abnormality, a genetic predisposition, a viral infection, a fungal infection a 
bacterial infection and a protist infection. 

33 ' A Pr°«ss for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a target nucleic acid sequence from a biological sample: ... 

b > replicating the target nucleic acid sequence, thereby producing a replicated 

nucleic acid molecule: 

c ) specifically digesting the replicated nucleic acid molecule using at least one 
appropriate nuclease, thereby producing digested fragments: 

d) immobilizing the digested fragments onto a solid support containing 
complementary capture nucleic acid sequences to produce immobilized 
fragments: and 

e> analysing the immobilized fragments by mass spectrometry, wherein 
hybridization and the determination of the molecular weights of the 
immobilized fragments provide information on the target nucleic acid 
sequence. 
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34. A process of claim 33. wherein the solid support is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 

35. A process of claim 33. wherein the complementary capture nucleic acid 
sequences are oligonucleotides or oligonucleotide mimetics. 

36. A process of claim 33. wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/Ionization Time-of-Flisht (MALDI- 
TOF). Electrospray (ES). Ion Cyclotron Resonance (ICR); Fourier Transform and ' ^ . 
combinations thereof. 

38. A process of claim 33. wherein prior to step e). the sample is conditioned. 

39. A process of claim 38. wherein the sample is conditioned bv mass 

differentiation. 

40. A process of claim 38. wherein the mass differentiation is achieved by the 
mtroducuon of mass modifying functionalities in the base, sugar or phosphate moietv of the 
detector oligonucleotides. 

41. A process of claim 39. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence ,s replicated into DNA using mass modified deoxynucleoside and/or 
dideoxynucleoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3"- 
deoxynucleoside triphosphates and DNA dependent RNA polymerase. 

44. A process of claim 33. wherein after step a>. the target nucleic acid is 
replicated into DNA using mass modified deoxynucleoside and/or dideoxynucleoside 
triphosphates and a DNA dependent DNA polymerase. 

45. A process of claim 33 wherein the target nucleic acid sequence is a DNA 
fingerprint or a disease or condition selected from the group consisting of a genetic disease, a 
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chromosomal abnormality, a genetic predisposition, a viral infection, a rungal infection a 
bacterial infection or a protist infection. 

46. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample: 

b) contacting the target nucleic acid sequence with at least one primer said 
pnmer having 3' terminal base complementarity to the target nucleic acid 
sequence; 

O contacting the product of step b) with an appropriate polymerase enzvme 
and sequentially with one of the four nucleoside triphosphates- 

d) ionizing and volatizing the product of step c); and 

e) detecting the product of step d) by mass spectrometry, wherein the 
molecular weight of the product indicates the presence or absenceof a 
mutation next to the 3' end of the primer in the target nucleic acid sequence. 

47. A process for detecting a target nucleotide present in a biological sample 
comprising the steps of: 

a) obtaining a nucleic acid molecule that contains a target nucleotide: 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

O hybridizing the immobilized nucleic acid molecule with a primer 
oligonucleotide that is complementary to the nucleic acid molecule at a site 
immediately 5' of the target nucleotide: 

d ) contacting the product of step c ) with a complete set of dideoxynucleosides 
or 3--deoxynucleoside triphosphates and a DNA dependent DNA polymerase, 
so that only the dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to the target nucleotide is extended onto the primer: 
ei ionizing and volatizing the product of step d): and 

f) detecting the primer by mass spectrometry, to determine the identity of the 
target nucleotide. 


the steps of: 


48. A process for detecting a mutation in a nucleic acid molecule, comprising 


a) obtaining a nucleic acid molecule: 
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^.Mdbta, the nucleic acid molecule with an o.igonucleotide probe 
thereby formtng a rrusmatch at the site of a mutation- 

c) contacung the product of step b) with a sinal, 

d) ionizing and volatizing the p roduct of step c , anT SPCC ' f ' C »*»"*«: 

e) detecting me products obuined by mass spectrometry wherein the presence 
of more than one fragment, indicates tha, , h e nudeic acid molecule conX a 


49. A process for derectina a tareet nucleic «, 
biological sample, comprismg the steps of. ^ » * 

a) obtaining a nucleic acid containing a target nucle.c acid 
sequence from a biological sample: 

b) performing at leas, one hybridization of ft. target nucleic acid seoue^e 

zzzzr educe - i a ,h — dna — — * ■ 

c) ionizing and volatizing the product of step b)- and 

d) detecting ft. ,i ga ,ion product by mass spectrometry and comparing the 
«ta obtatned wi ft a known value to determine the urge, nuclei Jd 
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FIGURE 10B 
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FIGURE 12A 
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FIGURE *2 



Mm i try j i 


WO 96/29431 



PCI7US96/03651 


a] 







Q 

3 




WO 96729431 



PCT/US9d/03d5I 





WO 96/2943 1 



5 4/S& 


WO 96TZ9431 



PCT/US96/0365I 




